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1. Introduction and outline of thesis
The history of the surgical progress in trauma
Trauma surgery is an ancient profession of which the basic principles have already been 
described long time ago. The Iliad and The Odyssey by Homer (700 B.C.) were one of the first 
known marks of trauma surgery. Some consider these poems to be the first describing the treat-
ment of battle wounds. Specifically, Asklepios’ son removed an arrow from the side of the former 
husband of Helen over whom the Trojan War was fought, sucked out the blood and applied a 
healing salve 1. About 25 centuries later, the Royal Humane Society, also known as the Society 
for the Recovery of Persons Apparently Drowned, was founded in London 2. Three months after 
the foundation, a member was called to attend a 3-year-old child who had fallen from an upper 
story window onto flagstones and been pronounced dead. The society member was on the scene 
within twenty minutes, and history records that he proceeded to give the clinically dead child 
several shocks through the chest with a portable electrostatic generator. This treatment caused 
her to regain pulse and respiration, and she eventually (after a time in coma) fully recovered, 
which was the first successful resuscitation in trauma described.
The origin of ambulances was tied to the needs of war. During the Napoleonic wars, care of 
(combat) casualties was improved by use of a light horse-drawn “flying ambulance” for effec-
tive rapid evacuation (see Figure 1) 3-6. This flying ambulance remained the standard until the 
first motorized ambulance appeared around the 1900s. In anticipation of the arrival of Medical 
Mobile Teams, helicopters began to transport wounded soldiers in small numbers during World 
War II. In imitation of the importance of reducing injury to surgical interval, mobile army 
surgical hospitals were introduced during the Korean and Vietnam Conflicts 7,8. During these 
wars, trauma systems were developed, providing continuity of care from the field trauma center 
to the rehabilitation hospital, including long distance transport. Care provided by well-trained 
surgeons was another factor improving survival of the injured. Detailed case records were 
maintained and improved outcomes were documented, resulting in “evidence-based” trauma 
management 9. 
The invention of the X-rays (1895 by Wilhelm Roentgen) including fluoroscopic screens resulted 
in improved trauma care 10. During the Greco-Turkish war, X-rays were used for the first time 
for diagnostic purposes in trauma, mainly to detect fractures and imbedded bullets 11. The use 
of radar and sonar during World War II finally resulted in the invention and use of ultrasound 
in medicine (1957 by Donald). The invention of the computed tomography scan (CT scan) in 
1974 by Hounsfield opened a lot of diagnostic possibilities. The CT technique is an imaging 
method in which a cross-sectional image of a specific area of the body is reconstructed from 
X-ray projections through the body. It initially took several hours to acquire the raw data from a 
single scan and it also took days to reconstruct a single image from this raw data. However, this 
12
Figure 1. 
The “flying ambulance”, a relatively lightweight two- and four
wheel horse-drawn wagon to transport the injured.
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technique was rewarded with the Nobel Prize five years later 12. Ever since, CT technique has 
improved rapidly. Currently it takes less than a minute to complete a total body CT and oppor-
tunities for its use are still increasing. 
Initial evaluation
Golden hour
In cases of severe trauma, especially with internal bleeding, surgical intervention is frequently 
required. Complications such as a hypovolemic shock may occur if the patient is not managed 
appropriately and expeditiously. It therefore becomes a priority to transport patients suffering 
from severe trauma as fast as possible to specialists for stabilization and definitive treatment. 
Because some injuries can cause a trauma patient to deteriorate extremely rapidly, the delay 
between injury and treatment should ideally be kept to a minimum. This delay has come to 
be specified as a time frame of an arbitrary 60 minutes, the golden hour, after which time the 
survival rate for traumatic patients is alleged to fall off dramatically 13-15. The golden hour is not 
just about transporting the urgent patients to the hospital and getting them into the system, but 
also to start treatment of these patients immediately on scene or en route. The entire mission of 
emergency medicine services worldwide is either to bring the patient to the “care” or to bring 
definitive care to the patient. This to mitigate the morbidity and mortality of acute illness and 
injury. 
Outcomes of (trauma) care are not solely measured in terms of survival. Also quality of life, 
length of hospital stay, costs (to patient and society), the occupation of medical assets, general 
recovery and facility versus deficit, and other parameters defining general improvement are 
measured. These findings add to the knowledge and awareness of the quality of care.
Pre-hospital
Although there are differences in the trauma systems in the European countries, the USA and 
Australia, consensus grew on that structured treatment for acute trauma care is beneficial for 
trauma patients. Any form of organization contributes to improved patient outcome 16. In the 
Netherlands, the trauma care cascade starts with an initial call. A uniform national telephone 
number (06-11) for swift contact to emergency services was introduced in 1993. In order to 
shorten the initial response time, this was later changed to a new uniform European number 
(112). Also, police, fire department and ambulance services were integrated in one integrated 
dispatch center, which improved coordination and vigilance of these emergency services. 
Trained and educated operators nowadays answer the emergency calls and decide which service 
has to respond. Although response time after trauma has decreased over the years, response 
time of the emergency medical services still requires attention in order to improve the patient 
outcome 17.
14
Since the introduction of the Pre-Hospital Trauma Life Support (PHTLS®) program in 1997, 
ambulance paramedics are better prepared for the on-scene treatment of patients. The training 
program includes decision trees, therapeutic guidelines and a “common language” among extra- 
and intramural care providers. Patients needing transport to a hospital are announced to the 
emergency department by the use of the acronym MIST (Mechanism, Injury, Signs, and Treat-
ment). On advice of the national trauma board and in order to centralize the care for trauma 
victims, the government designated 10 large hospitals as trauma center 18. A routine on scene 
team with an effective radius became available with the introduction of the helicopter emer-
gency medical service (see Figure 2). These teams are staffed with experienced trauma physi-
cians, who are stand-by 24/7 and service large areas. By this design, dispatch time is minimal. 
Currently there are four helicopter teams, capable of reaching approximately 75% of the Dutch 
population within 15 minutes. Combined with assistance of three foreign helicopter teams the 
entire population can be reached within 30 minutes 19. The primary goal of this mobile team is 
the swift delivery of a trauma physician (trauma surgeon or anesthesiologist) and paramedic to 
the patient at the scene. Additional therapeutic spectrum is created, such as advanced airway 
management and several invasive procedures. Literature shows a clear positive effect on survival 
associated with helicopter emergency medical services assistance 20,21. Although the helicopter 
does not function as a transport medium for trauma victims most of the times, transport by 
helicopter compared with ground services might be associated with an improved survival to 
hospital discharge 22. Besides, in the Netherlands, the costs of assistance by helicopter emer-
gency medical teams are considered to be acceptable, because the costs per quality-adjusted life 
year (QALY) remain below the accepted threshold 23.
In-hospital 
During the initial evaluation of blunt trauma patients, time and accuracy of diagnoses is vital, 
since inappropriate or delayed diagnoses result in unnecessary morbidity and mortality 24,25. 
During the primary evaluation of blunt trauma patients, the Advanced Trauma Life Support 
(ATLS®) guidelines by the American College of Surgeons are most commonly used worldwide 26. 
The ATLS® guidelines are based upon the principle “treat first what kills first”. A systematic 
approach of clinical examination and use of diagnostics is developed to recognize the most 
life-threatening injuries. These should, according the ATLS® principles, be treated immediately 
and within the shortest amount of time. Since it is known that physical examination alone is not 
sufficiently accurate, additional (radiological) examinations are needed. According to the ATLS® 
principles, conventional diagnostics imaging is performed first (e.g. conventional radiography 
and focused abdominal sonography in trauma (FAST)), followed by a selective use of Computed 
Tomography (CT) of a specific body region if indicated.
In the past decades, CT is increasingly used in the trauma bay 27,28. CT is more sensitive and 
specific compared to conventional radiography (CR) and FAST (see Figure 3 and 4) 29. Today, 
with technical and infrastructural improvements, CT has evolved into a reliable and important 
method of diagnostic imaging in trauma. Both organ and osseous injuries can be diagnosed 
and (potentially life-threatening) bleeding sites can be identified. In addition to the diagnostic 
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value of CT in imaging patients presenting with traumatic injury to individual organs 30,31, CT 
has been reported to be a valuable modality for total body imaging in terms of better patient 
management and diagnostic accuracy 32-35. However, there are several disadvantages like radia-
tion exposure, extra costs and the need for transport to the CT room in case the scanner is not 
located in the trauma bay 36,37.
As a consequence of these developments, currently applied imaging guidelines may no longer 
represent the optimal primary imaging algorithm. Based on the results of several studies, the 
use of routine of CT of the head, cervical spine, chest, abdomen and pelvis, is currently imple-
mented in many trauma protocols worldwide 38,39. Most of these studies focus on the additional 
diagnostic value of CT, but there are few studies that address additional value with respect to 
patient outcome. It is assumed that improved diagnostics will lead to an improved survival, 
which extended into an increasing use of CT 32. However, the question remains whether there is 
enough evidence to justify this implementation.
Measuring quality of trauma care 
Trauma, emergency and radiological care societies have made an elaborate, substantial contri-
bution to clinical care for trauma patients, by developing trauma registries and creating special 
guidelines courses on trauma care and decision-making 40. The quality of care provided by a 
trauma system can be measured by a large number of endpoints. It is possible to determine 
the quality of care both based on an individual (i.e. patient) level, from a hospital perspec-
tive, and from a macro economical perspective 41. Also, different parameters of quality can be 
measured, like costs, speed of diagnostic procedures, accuracy of diagnosis, quality adjusted 
life years (QALY) and patient satisfaction. However, survival of the patient seems to remain the 
ultimate outcome measure 42,43. As trauma populations generally are a heterogeneous mixture of 
patients with multiple injuries, age and vital parameters, a non-randomized allocation of these 
patients will lead to groups with substantial different patient characteristics. In these cases some 
sort of stratification is needed before a fair comparison can be made concerning the differences. 
Although it remains a topic of debate, the current best method would be the use of multiple 
predictive variables in a logistic regression model to estimate the patients’ survival outcome 44. 
The best-known implementation of this technique would be the TRISS (Trauma Injury Severity 
Score) methodology 45. This methodology determines the probability of survival of a trauma 
patient. TRISS combines the Injury Severity Score (ISS) with the Revised Trauma Score (RTS), 
patient age and mechanism of trauma. Based on a large data set (the Major Trauma Outcome 
Study (MTOS)), the resulting regression coefficients have been used as the gold standard for 
trauma care effectiveness. However, the MTOS data set is obtained in times where the use of 
CR and FAST was common practice, resulting in less diagnoses than today. Nowadays, with the 
use of CT, much more diagnoses are determined. This makes that the use of CT is becoming the 
standard of care in trauma. Besides, ISS is based on definitive diagnoses, which makes it impos-
sible to be used as stratification tool in advance. This makes it questionable whether the TRISS 
methodology is still a valid tool.
16
Figure 2. 
Helicopter emergency medical service.
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Outline of the thesis
The aim of this thesis was to evaluate the role and consequences of thoracoabdominal computed 
tomography in a wide spectrum of blunt high-energy trauma patients. In order to achieve this 
goal, several questions needed to be addressed.
First, we evaluated the current role of routine total body computed tomography in the evalu-
ation of the trauma patients on the Emergency Department as described in the literature. The 
additional diagnostic value as compared to conventional radiology seems proven. Is there also 
an additional value with respect to patient outcome? Has the introduction of this modality 
improved the overall survival in patients who sustained blunt high-energy trauma? Does the 
introduction of the total body CT in the radiological work-up of trauma patients influence 
patient treatment and time management? To address these questions we performed two reviews. 
Chapter 2 describes a search of literature for randomized controlled trails in order to provide 
evidence for the effect of thoracoabdominal CT on mortality in blunt high-energy trauma 
patients. Chapter 3 illustrates a more extended review of prospective and retrospective studies 
in order to describe the effects of routine total body CT in blunt high-energy trauma patients on 
mortality, treatment and time management. 
Many scoring systems have been proposed to predict the survival of trauma patients. The MTOS 
is one of these scoring systems. In this scoring system the score of a patient is compared with the 
score of a large known trauma population. These scoring systems take the amount of injuries a 
patient sustained. However, CT reveals more injuries than conventional radiological examina-
tions, which may influence the predicted survival with a routine use of thoracoabdominal CT. 
Consequently this might result in an inadequate scoring system. In Chapter 4 we describe the 
influence of routine computed tomography on predicted survival from blunt thoracoabdominal 
trauma patients. 
One potential side effect of performing highly sensitive imaging modalities like CT is the detec-
tion of incidental (non-trauma related) findings and their subsequent consequences on medical 
investigations and treatment. On one hand, incidental findings may lead to higher costs in 
healthcare, false-positive findings and increased concern by patients. On the other hand, some 
small malignant disorders might be treated in an earlier phase after detection whereby the treat-
ment is possibly curative, which may not be the case in a later stage of the disease. We therefore 
wondered whether these incidental findings are a positive or a negative side effect of CT. In 
Chapter 5 shows frequency and effects of incidental findings in trauma patients.
Especially due to its diagnostic advantages, thoracoabdominal CT is increasingly implemented 
in hospital protocols for the initial evaluation of blunt trauma patients. However, in this era 
of increasing cost-awareness, the pro’s and cons of CT have to be outweighed in a financial 
perspective as well. No recent studies exist on the cost-effectiveness of different diagnostic 
18
Figure 3. 
An 18-year-old male sustained a traffic accident. Contrast enhanced abdominal CT shows an 
IOS grade III renal rupture on the left side. Besides, presence of free air indicates intestinal 
perforation. There is no active extravasation of contrast (c). Ultrasound showed free fluid in 
the left upper quadrant of the abdomen (b). Thoracic supine CR revealed no free air below the 
diaphragm (a). 
a.
b.
c.
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strategies using trauma CT of thorax and abdomen in the general blunt trauma population. 
In a cost consequence analysis in Chapter 6, we compare three different CT algorithms in the 
initial evaluation of thoracoabdominal injuries in blunt trauma patients, concerning the finan-
cial costs, time and diagnostic yield
Subsequently, in order to reduce the number of unnecessary CT scans, but without missing as less 
injuries as possible, we developed a new diagnostic protocol for the evaluation of blunt high-en-
ergy trauma patients. This diagnostic protocol is based on national guidelines and recently 
performed studies. It includes criteria for whether conventional radiography of chest and pelvic, 
ultrasonography and CT of the head, C-spine, chest and abdomen should be performed or can 
be safely omitted. This prospective study in Chapter 7 was conducted to answer the questions 
whether this new evidence based protocol was safe for use in blunt high-energy patients, if there 
were no injuries missed, and if it was clinical feasible; this in order to implement the protocol.
Finally, in Chapter 8, the findings presented in the preceding Chapters are summarized and 
discussed. Brief recommendations for future studies are given. In the subsequent Chapter 9 a 
summary and general discussion are given in Dutch.
20
Figure 4. 
A 58-year-old male sustained a motor vehicle accident. Contrast enhanced thoracic CT revealed 
a hematopneumothorax on the left  side and bilateral minimal lung contusion (b). Although CR 
showed sharp delineation of the mediastinum and heart in retrospect, no pneumothorax was 
seen at the time of review before CT (a). A chest tube was given on the side of injury on the left .
a.
b.
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Chapter 2 
Selective computed 
tomography (ct) 
verSuS routine 
thoracoabdominal ct for 
high-energy 
blunt-trauma patientS
Based on: R. van Vugt, F. Keus, D. Kool, J. Deunk, M. Edwards. Selective computed tomo-
graphy (CT) versus routine thoracoabdominal CT for high-energy blunt-trauma patients. 
Cochrane Database of Systematic Reviews 2013, Issue 12. Art. No.: CD009743. DOI: 
10.1002/14651858.CD009743.pub2.
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2. Selective computed tomography (CT) versus routine 
thoracoabdominal CT for high-energy blunt-trauma 
patients
Abstract
Background
Trauma is the fifth leading cause of death worldwide, and in people younger than 40 years of 
age, it is the leading cause of death. During the resuscitation of trauma patients at the emergency 
department, there are two different commonly used diagnostic strategies. Conventionally, there 
is the use of physical examination and conventional diagnostic imaging, potentially followed by 
selective use of computed tomography (CT). Alternatively, there is the use of physical examina-
tion and conventional diagnostics, followed by a routine (instead of selective) use of thoracoab-
dominal CT. It is currently unknown which of the two strategies is the better diagnostic strategy 
for patients with blunt high-energy trauma.
Objectives
To assess the effects of routine thoracoabdominal CT compared with selective thoracoab- 
dominal CT on mortality in blunt high-energy trauma patients.
Search methods
We searched the Cochrane Injuries Group’s Specialised Register, Cochrane Central Register of 
Controlled Trials (Issue 4, 2013); MEDLINE (OvidSP), EMBASE (OvidSP) and CINAHL for 
all published randomised controlled trials (RCTs). We did not restrict the searches by language, 
date or publication status. We conducted the search on the 9 May 2013.
Selection criteria
We included RCTs of trauma resuscitation algorithms using routine thoracoabdominal CT 
versus algorithms using selective CT in this review. We included all blunt high-energy trauma 
patients (including blast or barotrauma).
Data collection and analysis
Two authors independently evaluated the search results.
Main results
The systematic search identified 481 references; after removal of duplicates, 396 remained. 
We found no RCTs comparing routine versus selective thoracoabdominal CT in blunt high- 
energy trauma patients. We excluded 381 studies based on the abstracts of the publications 
because of irrelevance to the review topic, and a further 15 studies after full-text evaluation.
28
Authors’ conclusions
We found no RCTs of routine versus selective thoracoabdominal CT in patients with blunt 
high-energy trauma. Based on the lack of evidence from RCTs, it is not possible to say which 
approach is better in reducing deaths.
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Background
Trauma is the fifth leading cause of death in the world, and in people younger than 40 years 
of age, it is the leading cause of death. Incidents causing blunt injuries result in a worldwide 
mortality of 9%, which is equivalent to five million deaths each year (WHO 2008). In Europe, 
injuries account for approximately 800,000 deaths each year (10% of all deaths) (WHO Eur 
2008; WHO 2012), and are an important source of health-related costs. During initial resus-
citation of blunt-trauma patients, timely and accurate diagnoses are essential for planning 
further therapy. To guide the primary analysis and treatment of trauma patients, the Advanced 
Trauma Life Support (ATLS®) is predominantly used worldwide (ATLS 2012). Because phys-
ical examination alone is not sufficiently accurate, additional radiological examinations are 
performed. According to the ATLS® guidelines, conventional diagnostics are performed first, 
for example, conventional radiography (CR) and focused abdominal sonography in trauma 
(FAST), followed by selective use of computed tomography (CT) of specific body regions, if 
indicated. Since the 2000s, CT has been increasingly used in the trauma bay (Deunk 2007; 
Trupka 1997). CT has higher sensitivity and specificity compared with CR and FAST (Brink 
2008; Deunk 2009). In the 2010s, with technical and infrastructural improvements, CT has 
evolved into a reliable and important method of diagnostic imaging in trauma. Both organ 
and osseous injuries can be diagnosed and (potentially life-threatening) bleeding sites may be 
identified. In addition to the diagnostic value of CT in imaging patients presenting with trau-
matic injury to individual organs (Pal 2002; Rhee 2002), CT has been reported to be a valuable 
modality for imaging in terms of better patient management and diagnostic accuracy (Huber-
Wagner 2009). However, there are several disadvantages such as radiation exposure, extra 
costs and the need for transport to the CT room if the scanner is not located in the trauma 
bay (Devine 2010; Inaba 2011). As a consequence of these developments, currently applied 
imaging guidelines may be outdated. The use of routine thoracoabdominal CT is currently 
rapidly implemented in trauma protocols worldwide (Maurer 2008). Most studies focus on 
the additional diagnostic value of CT, but there are few studies that address additional value 
with respect to patient outcome. It is assumed that improved diagnostics will lead to improved 
survival, which will lead to an increasing use of thoracoabdominal CT. However, the question 
is if there is sufficient evidence to justify the implementation of routine thoracoabdominal CT 
after blunt high-energy trauma.
30
Description of the condition
Blunt injury may occur during a motor vehicle, bicycle or pedestrian crash or a fall from a 
height, resulting in a direct impact (e.g. forced against a steering wheel or floor) or an indi-
rect impact (acceleration-deceleration). Blunt-injury patients need a different type of physical 
examination than patients with penetrating injuries. In blunt injury, it may be difficult to 
identify which part of the body is injured. During initial evaluation of blunt-trauma patients, 
timely and accurate diagnoses are essential, as inappropriate or delayed diagnoses may result 
in unnecessary morbidity and mortality (Davis 1992; Fakhry 2000). Worldwide, the ATLS®, 
developed by the American College of Surgeons, is the most commonly used approach during 
the initial evaluation of blunt high-energy trauma patients (ATLS 2012). These guidelines 
are based upon the principle ’treat first that kills first’. A systematic approach involving clin-
ical examination and use of diagnostics recognises the most life-threatening injuries that 
should be treated first. Since it is known that physical examination alone is not sufficiently 
accurate, additional (radiological) examinations are needed. According to the ATLS® princi-
ples, conventional diagnostic imaging is performed first (e.g. X-rays and focused abdominal 
sonography), followed by selective use of CT of specific body regions if indicated.
Description of the intervention
CT, with technical and infrastructure improvements, along with high specificity and accuracy, 
has evolved into a reliable and important method of diagnostic imaging in trauma. CT enables 
fast and detailed diagnoses for well-founded planning of therapy. As a consequence, current 
guidelines following the ATLS® may no longer represent the optimal primary imaging algo-
rithm (Kool 2007). In many hospitals around the world, rapid CT scanning is available and it 
is possible that routine thoracoabdominal CT scanning may result in more appropriate care 
than treatment according to ATLS®.
How the intervention might work
With the use of routine thoracoabdominal CT, decisions can be made based on detailed 
anatomical information rather than clinical suspicion. With the use of selective CT, scanning 
can be performed based on aberrant findings during physical examination and CR. It is known 
that the performance of physical examination and CR alone has a low sensitivity. When these 
examinations are the trigger for performing additional CT, this might lead to a greater chance 
of underdiagnosis and missing injuries. The use of routine thoracoabdominal CT may lead to 
quicker and more accurate assessment of injuries, and, consequently, outcomes may
be improved.
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Why it is important to do this review
There are two different commonly used diagnostic strategies: 1. the use of physical exam-
ination and conventional diagnostic imaging, potentially followed by selective use of CT if 
indicated; 2. the use of physical examination and conventional diagnostics, followed by a 
routine (instead of selective) use of thoracoabdominal CT. It is unclear which of the current 
diagnostic strategies used in blunt high-energy trauma patients is the most appropriate. The 
aim of this systematic review was to evaluate mortality using the two different diagnostic 
strategies in patients with blunt high-energy trauma. To 2013, there are data available from 
cohort studies, but these mostly consider prospective observational and retrospective cohort
studies with a before-and-after design (see Characteristics of excluded studies table). The 
results of non-randomised studies frequently differ from results of randomised studies of the 
same intervention. Non-randomised studies may still give seriously misleading results when 
treated and control groups appear similar in key prognostic factors and, in some situations, 
adjusted results may appear more biased than unadjusted results. There are instances in which 
observational data can be useful and randomised controlled trials (RCTs) unnecessary. This 
can be reasonable, but such instances are rare (Deeks 2003; Ioannidis 2001; Jakobsen 2013;
Papanikolaou 2006). Before observational data can be used for assessing benefits, a bias 
risk assessment has to be conducted. The risk of systematic errors (bias) is one dimension 
of internal validity and the risk of random errors (’the play of chance’) is another, and these 
two should not be confused (Keus 2010). Therefore, although the studies cumulatively have 
a high number of participants, this does not compensate for a higher risk of bias. We believe 
that randomised trials considering this issue are feasible, and there is currently a randomised 
trial recruiting in the Netherlands which confirms that the scientific community is uncertain 
REACT-2). Data from this study may be included into this review in the future.
Objectives
To assess the effects of routine thoracoabdominal CT compared with selective thoracoab- 
dominal CT on mortality in blunt high-energy trauma patients.
32
Methods
Criteria for considering studies for this review
Types of studies
We included data from RCTs that compared blunt-trauma resuscitation algorithms using 
routine thoracoabdominal CT versus algorithms using selective thoracoabdominal CT. 
We included RCTs irrespective of blinding, number of participants randomized and the 
language of the study report. We also included cluster ‘randomised trials.
Types of participants
We included randomised trials that evaluated people who had sustained all types of blunt 
high-energy trauma (including blast or barotrauma). We excluded trials that evaluated people 
with penetrating injuries, such as gunshot or stab wounds. “We excluded trials that evaluated 
pregnant women.
Types of interventions
We considered diagnostic strategies that used routine thoracoabdominal CT as the experi-
mental intervention. We considered usual care to be the control intervention and may have 
included physical examination followed by conventional radiological examination (X-rays of 
the pelvis/thorax and FAST), followed by selective use of thoracoabdominal CT.
Types of outcome measures
Primary outcomes
•	 Overall mortality (30-day survival).
Secondary outcomes
•	 Adverse events
•	 non-therapeutic laparotomy (i.e. performed for false positive findings of index 
tests or misclassification of organ injury);
•	 morbidity until discharge (i.e. systemic inflammatory response syndrome, sepsis, 
nosocomial pneumonia, abdominal compartment syndrome, acute respiratory 
distress syndrome);
•	 rates of missed injuries irrespective of therapeutic consequences (findings of 
unplanned laparotomy/laparoscopy, autopsy, follow-up during hospital stay or 
readmission following discharge due to false-negative findings). 
•	 Adverse events as total numbers
•	 Time spent at the trauma bay (emergency department) until surgery, admission to 
intensive care unit (ICU), peripheral wards or ambulation.
•	 Length of hospital and ICU stays (days) among people who survived until discharge.
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Search methods for identification of studies
We did not restricted searches by date, language or publication status.
Electronic searches
The Cochrane Injuries Group Trials Search Coordinator searched the following electronic 
databases:
•	 Cochrane Injuries Group’s Specialised Register (9 May 2013);
•	 Cochrane Central Register of Controlled Trials (Issue 4 2013);
•	 MEDLINE (OvidSP) (1946 to May week 1 2013);
•	 EMBASE Classic + EMBASE (OvidSP) (1947 to 8 May 2013);
•	 CINAHL Plus (EBSCO) (1937 to May 2013).
Details of the search strategies can be found in the Appendix.
Searching other resources
We checked the reference lists of all relevant studies retrieved from our search and from 
relevant, published systematic reviews to identify other possibly relevant studies for inclusion. 
We conducted an Internet search for grey literature and other information on the topic. In 
addition, we contacted the authors of included trials by letter or email to request further infor-
mation and to ascertain whether they have knowledge of any further published, unpublished 
or ongoing trials.
Data collection and analysis
We conducted the review according to the recommendations of the Cochrane Handbook for 
Systematic Reviews of Interventions (Higgins 2011). We used Review Manager 5 to conduct 
the review (RevMan 2012).
Selection of studies
Two review authors (RvV, DK) independently performed the study selection process. A third 
review author (ME) would have arbitrated in case of any disagreement on study inclusion. 
We performed the first selection based on the titles and abstracts identified from the searches 
and selected potentially relevant articles. In case of any uncertainty, we would have included 
the article. We based further selection on the full text. Publications selected for full-text anal-
ysis are listed with their reasons for inclusion (Characteristics of included studies) or exclusion 
(Characteristics of excluded studies) according to the criteria for considering studies for this 
review.
Data extraction and management
We found no studies meeting our inclusion criteria. However, two review authors (RvV, 
DK) would have independently extracted all relevant data. The following information would 
have been extracted for each included study: number of people in each group; age; gender; 
mechanism of injury; Glasgow Coma Scale score (on scene and on arrival at the emergency 
34
department); Revised Trauma Score; study design; sample size information; inclusion and 
exclusion criteria of the study; follow-up period; loss to follow up; and information regarding 
the (missed) diagnosis, rates of nontherapeutic interventions, morbidity, time spent on trauma 
bay, time of admission to ICU/hospital, data needed for methodological quality assessment of 
the study, and primary and secondary outcomes.
Assessment of risk of bias in included studies
We found no RCTs meeting our criteria. However, based on the available empirical evidence 
and the recommendations of the Cochrane Handbook for Systematic Reviews of Interventions 
the methodological quality of (cluster-) RCTs would have been assessed using the tool for 
assessing risk of bias (Higgins 2011). The following definitions would have been used.
Random sequence generation
•	 Low risk: if the allocation sequence was generated by a computer or random number 
table. We would have considered drawing of lots, tossing of a coin, shuffling of cards or 
throwing dice as adequate if a person who was not otherwise involved in the recruitment 
of participants performed the procedure. 
•	 Unclear: if the trial was described as randomised, but the method used for generation of 
the allocation sequence was not described.
•	 High risk: if a system involving dates, names or alternating allocation was used for the 
allocation of participants.
Allocation concealment
•	 Low risk: if the allocation of participants involved a central independent unit, on-site 
locked computer or sealed opaque envelopes.
•	 Unclear: if the trial was described as randomised, but the method used to conceal the 
allocation was not described. 
•	 High risk: if the allocation sequence was known to the investigators who assigned participants.
Blinding of outcome assessment (mortality)
Blinding in the resuscitation of trauma patients is in many instances impossible. In this 
review, with the diagnostic strategy considered as an intervention in this research question, 
blinding was considered impossible.
Incomplete outcome data assessed
•	 Low risk: if the percentage of dropouts did not exceed 20%, and numbers and reasons 
for dropouts and withdrawals in all intervention groups were described.
•	 Unclear: if the report gave the impression that there had been no dropouts or with-
drawals, but this was not specifically stated
•	 High risk: if the percentage of dropouts exceeded 20%, or the numbers and reasons for 
dropouts and withdrawals were not described.
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Selective outcome reporting
•	 Low risk: if it was clear that the published report included all expected outcomes, including 
those that were prespecified in the study protocol.
•	 Unclear: if insufficient information was provided to permit clear judgement of this aspect. 
•	 High risk: if not all relevant outcomes and all the study’s prespecified outcomes were 
reported, or if they were incompletely reported.
Other sources of bias
•	 Low risk: if the study appeared to be free of other sources of bias.
•	 Unclear: if a risk of potentially important bias existed, but sufficient information to assess 
this bias was lacking.
•	 High risk: if one or more sources of potentially important biases could be identified in the 
study (e.g. extreme baseline imbalances or other imbalances in study design).
Particular biases considered in cluster-randomised trials were related to recruitment bias: 
participants may have differed due to the differences that may have existed between the  
participating clusters.
Measures of treatment effect
In the future, if studies are included in an update of the review, we will present dichotomous 
data in proportions. We will present normally distributed continuous data as means with 
their standard deviations (SD). We will present non-normally distributed numerical data as 
medians with ranges and interquartile range, where appropriate. For dichotomous data, we 
will use risk ratios as the summary statistic; for continuous outcomes mean differences as the 
summary statistic. However, study authors often present their results in medians with ranges 
due to suspicion of skewed data, while means with their SDs are needed for meta-analysis. In 
these cases, we will first contact study authors for additional data (Hozo 2005). 
Unit of analysis issues
In the study reports, the number of observations in the analysis should match the number of 
participants that were randomised. Participants should be individually randomised to one 
of two intervention groups. A single measurement for each outcome from each participant 
should be collected and analysed. If we identify RCTs when this review is updated, we will 
consider data analysis from cluster-randomised trials in the primary analysis. If the rando-
misation was performed on clusters rather than individuals, we will perform approximately 
correct analysis with the use of effective sample size (Rao 1992), in order to prevent a unit 
of analysis error (Whiting-O’Keefe 1984). We will carry out this analysis when the following 
data can be extracted: number of clusters randomised to each intervention group (or mean 
size of each cluster), outcome data ignoring the cluster design for the total number of individ-
uals and an estimate of the intracluster correlation coefficient (Donner 1980).
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Dealing with missing data
If outcome or summary data are missing from a study identified when this review is updated, 
we will try to retrieve these data by contacting the authors of the article concerned.
Assessment of heterogeneity
Considerable variation in results, particularly inconsistency in the direction of effect, may repre-
sent clinical heterogeneity. We found no RCTs meeting the criteria for inclusion in this review. 
However, if substantial clinical heterogeneity is present in RCTs identified in an update of this 
review, we will not perform a meta-analysis. We will calculate statistical heterogeneity using 
the Higgins Chi 2 test and quantify the inconsistency in study effects using the I 2 statistic 
(Higgins 2002). We will consider a Chi 2 test with a P value < 0.10 to indicate the presence 
of heterogeneity, while we will consider an I 2 statistic greater than 50% to suggest a marked 
inconsistency in effect between studies.
Assessment of reporting biases
If we identify RCTs in a future update of this review, we will use a funnel plot if there are 10 
or more studies included in an analysis. This may help identify the presence of publication or 
other types of biases (Macaskill 2001).
Data synthesis
We aimed to compare routine thoracoabdominal CT versus selective CT in the resuscitation 
of high-energy blunt-trauma patients through meta-analysis. If we identify RCTs in a future 
update of this review, for the meta-analysis, we will use a fixed-effect model first and then 
a random-effects model if the fixed-effect model is inappropriate based on a value of the I2 
statistic greater than 50% (Higgins 2011). We will conduct statistical analysis using the statis-
tical package Review Manager 5 provided by The Cochrane Collaboration (RevMan 2012). 
We will consider differences to be significant when the P value is less than 0.05.
Subgroup analysis and investigation of heterogeneity
If heterogeneity greater than 50% is present based on the I 2 statistic, we will re-checked the 
data first. If heterogeneity persists, we will exclude extreme outliers if appropriate. In the event 
of missing data, we will impute median or mean values. We will perform subgroup analysis 
based on gender, age and differences in the severity of trauma.
Sensitivity analysis
If sufficient data are available for a future update of this review, we will perform sensitivity 
analyses based on allocation concealment.
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Main results
Description of studies
Results of the search
We identified 396 studies using the search strategy. The study selection process is summarised 
in the PRISMA flow diagram (Figure 1).
Included studies
We found no randomised or cluster-randomised studies comparing routine thoracoab-
dominal CT versus selective thoracoabdominal CT in blunt high-energy trauma patients
Excluded studies
We excluded 396 studies because they were irrelevant to the topic of the review. Of the 396, 
381 were excluded based on the abstract and title, because these studies did not compare 
routine versus selective thoracoabdominal CT. We assessed 15 articles for eligibility.
Of these, we subsequently excluded six studies because they were prospective observational 
studies (Deunk 2009; Rieger 2009; Salim 2006; Sampson 2006; Tillou 2009; Yeguiayan 2012), 
seven were retrospective cohort studies (Huber-Wagner 2009; Hutter 2011; Self 2013; Smith 
2011; Weninger 2007; Wurmb 2009; Wurmb 2011), one was an overview (Stengel 2009), and 
one was a technical CT study (Okamoto 2002). See the Characteristics of excluded studies 
table.
Risk of bias in included studies
We included no studies in this review.
Effects of interventions
We included no studies in this review.
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Figure 1. 
Study flow diagram.
0 studies 
included in 
quantitative 
synthesis
(meta-analysis)
15 full-text 
articles excluded, 
with reasons
381 of records 
excluded
469 records
identified through 
database searching
12 additional
records identified
through other 
sources
396 records after 
duplicates 
removed
396 of records 
screened
15 full-text 
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Discussion
We found one report of an RCT comparing routine versus selective thoracoabdominal CT in 
blunt high-energy trauma patients, which is currently recruiting in the Netherlands. As no data 
are currently available from completed RCTs, the current practice of using routine thoracoab-
dominal CT is based on non-randomised, observational and retrospective studies. Due to the 
paucity of RCTs, evidence to support one of the diagnostic strategies is limited. RCTs with low 
risks of systematic and random error comparing routine versus selective (thoracoabdominal) 
CT are needed and it is possible to evaluate the benefits and harms of this diagnostic strategy 
as an intervention. The results may guide the evidence base of further implementation of CT in 
blunt high-energy trauma patients. One ongoing international multicentre RCT in the Nether-
lands is aiming to provide evidence on the value of immediate total-body CT scanning during 
the primary survey of severely injured trauma patients. If immediate total-body CT scanning 
is found to be the best imaging strategy in severely injured trauma patients it could replace 
conventional imaging supplemented with CT in this specific group (REACT-2).
Summary of main results
We included no studies in this review.
Potential biases in the review process
Although a specialist information scientist composed as extensive and sensitive search, which 
was run on different databases, it is possible that articles were missed by the search.
Authors’ conclusions
Implications for practice
Patients sustaining blunt high-energy trauma need an accurate and rapid evaluation to opti-
mise their management with the goal of increasing survival. Routine thoracoabdominal 
computed tomography (CT) has the potential to have an important role during the resus-
citation of a trauma patient. “While the diagnostic value of CT seems clear, its benefits on 
mortality cannot be established as no randomised trials have been conducted. Randomised 
controlled trials with low risks of bias are needed to guide recommendations.
Implications for research
Good quality randomised controlled trials comparing routine versus selective thoracoab-
dominal) CT for patients with blunt high-energy trauma are needed. These prospective trials 
should focus on mortality as a primary outcome measure, but should also assess adverse 
events such as non-therapeutic laparotomies, morbidity, costs, and rates and consequences 
of missed injuries.
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Retrospective study (n = 50) determining the agreement between and within 
surgeons concerning the influence on treatment plan of routine versus selec-
tive MDCT findings in blunt-trauma patients. All surgeons agreed that the 
traumatic injuries additionally found by routine MDCT frequently resulted 
in a change of treatment plan. There was a moderate-to-excellent agreement 
between and within surgeons that these additional findings resulted in a 
change of treatment plan
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ub
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00
9
Retrospective study using the German Trauma Registry to calculate a diffe-
rence in predicted survival (TRISS methodology) for blunt-trauma patients 
with ISS > 16 in whole-body CT (n = 1494) vs. non-whole-body CT (n = 3127) 
between 2002 and 2004. Probability of survival significantly increased with the 
use of whole body CT
H
ut
te
r 2
01
1 Retrospective cohort study of blunt-trauma comparing an era before intro-
duction (2000-2002, n = 313) and after introduction (2002-2007, n = 608) of 
a liberal pan-scan. 2.7% of the variance in mortality was believed to be caused 
by the use of pan-CT
O
ka
m
ot
o 
20
02
Prospective randomised study (n = 36) in blunt-trauma comparing incre-
mental CT versus dynamic spiral CT after initially fluid resuscitation and 
plain X-ray films. Primary screening with early-phase dynamic spiral CT for 
haemorrhagic multiple trauma was found to be useful for determining the 
applications of subsequent angiographic intervention as well as evaluating 
lesions caused by injury
Characteristics of excluded studies with reason for exclusion
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Ri
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9
Observational study (2006, n = 88) assessing time management and diag-
nostic quality when using a 64-multidetector-row whole-body CT to evaluate 
polytraumatised patients (ISS > 18) in an emergency department 
Sa
lim
 2
00
6 Prospective observational study (2004-2005) in blunt conscious multitrauma 
patients (n = 592) evaluating changes in treatment as a direct result of pan CT, 
showing that clinically significant abnormalities are not uncommon, resulting 
in a change in treatment in nearly 19% of patients
Sa
m
ps
on
 2
00
6 Prospective observational study (1997-2004, n = 296) to assess the impact of 
the introduction of a CT for multitrauma patients on the workload, overall 
diagnostic yield, and effect on detection of cervical spine injury and pneumo-
thorax. The overall impact on workload was small. A wide range of significant 
injuries was demonstrated rapidly, accurately and safely
Se
lf 
20
13
Retrospective cohort study (2000-2001) to evaluate the role of routine CT 
of the chest, abdomen and pelvis as a screening tool for patients (n = 457) 
already undergoing cranial CT studies. 38% of patients undergoing cranial 
CT scanning had a unexpected finding on body scans, resulting in changes in 
26% of the study group
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St
en
ge
l 2
00
9 Overview of knowledge of the value of CT, stating that diagnostic accuracy 
of MDCT for clearing various anatomical regions in trauma patients is, at 
best, unclear. Little is known about the accuracy of pan-CT as a whole, which 
weakens statements about its effectiveness and prevents inferences about 
survival advantages
Ti
llo
u 
20
09
Prospective observational study (2007) evaluating injuries in patients with 
blunt-trauma (n = 284) receiving a pan-CT. Physicians were willing to omit 
27% of scans. If this was done, 2 injuries requiring immediate actions would 
have been missed initially, and other potentially important injuries would 
have been missed in 17% of patients
W
en
in
ge
r 2
00
7
Retrospective study evaluating 2 periods in which different emergency proto-
cols were used. First diagnostic protocol included physical examination, 
conventional radiography, sonography and further procedures if necessary 
(2001-2002, n = 185). In the second period (2003-2004, n = 185), blunt-
trauma patients underwent immediate CT after admission. There was a 
non-significant difference in in-hospital mortality (16% vs. 17%). CT in blunt 
major trauma leads to more accurate and faster diagnosis, and reduction of 
early clinical time intervals
W
ur
m
b 
20
09
Retrospective description of time requirement of 2 different diagnostic 
approaches to multiple injuries. 1 with whole-body CT as the sole radiolo-
gical procedure (2004, n = 79) and 1 with conventional use of radiography, 
combined with abdominal ultrasound and organ focused CT (2002, n = 82). 
In the first, time intervals were shortened
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Retrospective study comparing data of trauma patients treated with conven-
tional trauma protocol (2001- 2003, n = 155) with data from trauma patients 
treated with whole-body CT trauma protocol (2004-2006, n = 163). Mortality 
remained unchanged in both groups, time interval shortened to start emer-
gency surgery in patients with multiple injuries undergoing whole-body CT
Ye
gu
ia
ya
n 
20
12 Retrospective study comparing data of trauma patients treated with conven-
tional trauma protocol (2001- 2003, n = 155) with data from trauma patients 
treated with whole-body CT trauma protocol (2004-2006, n = 163). Mortality 
remained unchanged in both groups, time interval shortened to start emer-
gency surgery in patients with multiple injuries undergoing whole-body CT
W
ur
m
b 
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11
Retrospective study comparing data of trauma patients treated with conven-
tional trauma protocol (2001- 2003, n = 155) with data from trauma patients 
treated with whole-body CT trauma protocol (2004-2006, n = 163). Mortality 
remained unchanged in both groups, time interval shortened to start emer-
gency surgery in patients with multiple injuries undergoing whole-body CT
W
ur
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11
Retrospective study comparing data of trauma patients treated with conven-
tional trauma protocol (2001- 2003, n = 155) with data from trauma patients 
treated with whole-body CT trauma protocol (2004-2006, n = 163). Mortality 
remained unchanged in both groups, time interval shortened to start emer-
gency surgery in patients with multiple injuries undergoing whole-body CT
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Characteristics of ongoing study
Re
ac
t 2
Methods: An international, multicentre randomised controlled trial. All partici-
pating trauma centres have a multislice CT scanner located in the trauma room 
or at the emergency department. Randomisation will be computer assisted
Participants: All adult, non-pregnant, severely injured trauma patients accor-
ding to predefined criteria will be included. Patients in whom direct scan-
ning will hamper necessary cardiopulmonary resuscitation or who require 
an immediate operation because of imminent death (both as judged by the 
trauma team leader) are excluded
Intervention: The intervention group will receive a contrast-enhanced total-
body CT scan (head to pelvis) during the primary survey. The control group will 
be evaluated according to local conventional trauma imaging protocols (based 
on ATLS guidelines) supplemented with selective CT scanning 
Outcomes: Primary outcome will be in hospital mortality. Secondwry outcomes 
are differences in mortality and morbidity during the first year after trauma, 
several trauma work-up time intervals, radiation exposure, general health and 
quality of life at 6 and 12 months post trauma and cost-effectiveness
Starting date: April 1st 2011
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Appendix
Search strategies
Cochrane Injuries Group Specialized Register
1 ((blunt or non-penetrat*) AND (trauma* or injur* or wound*)) AND (INREGISTER) [REFERENCE] 
[STANDARD]; #2 ((spleen or splenic or liver or hepatic or abdomen or abdominal or stomach or thorax 
or thoracic) AND (trauma* or injur* or ruptur* or bleed*)) AND (INREGISTER) [REFERENCE] [STAN-
DARD]; #3 #1 OR #2 [REFERENCE] [STANDARD]; #4 ((x-ray or xray or tomography or ct)) AND 
(INREGISTER) [REFERENCE] [STANDARD]; #5 #3 AND #4 [REFERENCE] [STANDARD]
Cochrane Central Register of Controlled Trials (The Cochrane Library)
#1MeSH descriptor Tomography, X-Ray Computed explode all trees; #2(CT near3 (cine or scan* or 
x?ray* or xray*)):ti,ab,kw; #3(CT or MDCT):ti; #4((electron?beam* or comput* or axial) near3 tomog-
raphy):ti,ab,kw; #5(tomodensitometry):ti,ab,kw; #6(#1 OR #2 OR #3 OR #4 OR #5); #7MeSH descriptor 
Wounds, Nonpenetrating explode all trees; #8MeSH descriptor Thoracic Injuries explode all trees; 
#9MeSH descriptor Abdominal Injuries explode all trees; #10((Nonpenetrating or blunt) near3 (wound* 
or injur*)):ti,ab,kw; #11MeSH descriptor Liver explode all trees with qualifier: IN; #12MeSH descriptor 
Diaphragm explode all trees; #13MeSH descriptor Intestine, Small explode all trees with qualifier: IN; 
#14MeSH descriptor Intestine, Large explode all trees with qualifier: IN; #15MeSH descriptor Colon 
explode all trees with qualifier: IN; #16MeSH descriptor Spleen explode all trees with qualifier: IN; 
#17MeSH descriptor Aorta, Thoracic explode all trees with qualifier: IN; #18MeSH descriptor Urinary 
Bladder explode all trees with qualifier: IN; #19MeSH descriptor Heart Injuries explode all trees; 
#20MeSH descriptor Ribs explode all trees; #21MeSH descriptor Sternum explode all trees with qualifier: 
IN; #22MeSH descriptor Lung Injury explode all trees; #23MeSH descriptor Shock, Traumatic explode 
all trees; #24MeSH descriptor Splenic Rupture explode all trees; #25MeSH descriptor Aorta, Abdominal 
explode all trees; #26(#7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR #15 OR #16 OR #17 
OR #18 OR #19 OR #20 OR #21 OR #22 OR #23 OR #24 OR #25); #27(#26 AND #6)
MEDLINE (OvidSP)
1. (CT adj3 (cine or scan* or x?ray* or xray*)).ab,ti.; 2. CT or MDCT.ti.; 3. ((electron?beam* or comput* 
or axial) adj3 tomography).ab,ti.; 4. tomodensitometry.ab,ti.; 5. exp Tomography, X-Ray Computed/; 6. 1 
or 3 or 4 or 5; 7. exp Wounds, Nonpenetrating/; 8. exp Thoracic Injuries/; 9. exp Abdominal Injuries/; 10. 
exp Hernia, Diaphragmatic, Traumatic/; 11. ((Nonpenetrating or blunt) adj3 (wound* or injur*)).ab,ti.; 
12. exp Liver/in [Injuries]; 13. exp Diaphragm/in [Injuries]; 14. exp Intestine, Small/in [Injuries]; 15. exp 
Intestine, Large/in [Injuries]; 16. exp Colon/in [Injuries]; 17. exp Spleen/in [Injuries]; 18. exp Splenic 
Rupture/; 19. exp Aorta, Abdominal/in [Injuries]; 20. exp Aorta, Thoracic/in [Injuries]; 21. exp Urinary 
Bladder/in [Injuries]; 22. exp Heart Injuries/; 23. exp Ribs/in [Injuries]; 24. exp Sternum/in [Injuries]; 
25. exp Lung Injury/; 26. exp Shock, Traumatic/; 27. ((Injur* or trauma* or blunt or non?penetrat*) adj5 
(abdom* or liver or spleen or splenic or diaphragm* or aorta or thorax or thorac* or bowel or intestine* 
or colon* or bladder* or heart or rib* or lung*)).ti.; 28. 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 
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16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27; 29. 6 and 28; 30. randomi?ed.ab,ti.; 31. 
randomized controlled trial.pt.; 32. controlled clinical trial.pt.; 33. placebo.ab.; 34. clinical trials as topic.
sh.; 35. randomly.ab.; 36. trial.ti.; 37. 30 or 31 or 32 or 33 or 34 or 35 or 36; 38. (animals not (humans and 
animals)).sh.; 39. 37 not 38; 40. 29 and 39
Embase Classic + Embase (OvidSP)
1. exp computer assisted tomography/; 2. (CT adj3 (cine or scan* or x?ray* or xray*)).ab,ti.; 3. ((elec-
tron?beam* or comput* or axial) adj3 tomography).ab,ti.; 4. tomodensitometry.ab,ti.; 5. CT.mp. or 
MDCT.mp.; 6. 1 or 2 or 3 or 4 or 5; 7. exp blunt trauma/; 8. exp thorax injury/; 9. exp abdominal injury/; 
10. exp diaphragm hernia/; 11. ((Nonpenetrating or blunt) adj3 (wound* or injur*)).ab,ti.; 12. exp liver 
injury/; 13. exp diaphragm injury/; 14. exp intestine injury/; 15. exp large intestine/; 16. exp colon injury/; 
17. exp spleen injury/; 18. exp spleen rupture/; 19. exp abdominal aorta/; 20. exp thoracic aorta/; 21. exp 
bladder injury/; 22. exp heart injury/; 23. exp rib fracture/; 24. sternum/; 25. exp lung injury/; 26. exp 
traumatic shock/; 27. ((Injur* or trauma* or blunt or non?penetrat*) adj5 (abdom* or liver or spleen or 
splenic or diaphragm* or aorta or thorax or thorac* or bowel or intestine* or colon* or bladder* or heart 
or rib* or lung*)).ti.; 28. 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 
or 22 or 23 or 24 or 25 or 26 or 27; 29. 6 and 28; 30. randomi?ed.ab,ti; 31. (randomized or randomized 
or randomly or random order or random sequence or random allocation or randomly allocated or at 
random or controlled clinical trial$).tw,hw; 32. clinical trial/; 33. 30 or 31 or 32; 34. human/; 35. exp 
animal/; 36. exp experimental animal/; 37. animal experiment/; 38. 35 or 36 or 37; 39. 38 not 34; 40. 33 
not 39; 41. 29 and 40; 42. limit 41 to exclude Medline journals
CINAHL Plus (EBSCO)
S1(MH “Clinical Trial+”); S2PT Clinical trial S3TX clinic* n1 trial*; S4TX ( (ingl* n1 blind*) or (ingl* n1 
mak*) ) or TX ( (doubl* n1 blind*) or (doubl* n1 mak*) ) or TX ((tripl* n1 blind*) or (tripl* n1 mak*) 
) or TX ( (trebl* n1 blind*) or (trebl* n1 mak*) ); S5TX randomi* control* trial*; S6(MH “Random 
Aignment”); 7TX random* allocat*; S8TX placebo*; S9(MH “Placebo”); S10(MH “Quantitative tudie”); 
S11TX allocat* random*; S12S1 or S2 or S3 or S4 or S5 or S6 or S7 or S8 or S9 or S10 or S11; S13(MH 
“Tomography, X-Ray Computed+”); S14TI (ct or mdct); S15AB (tomodenitometry); S16AB (elec-
tron?beam* or comput* or axial) n3 AB (tomography); S17AB (cine or can* or xray* or xray*) n3 (ct); 
S18S13 or S14 or S15 or S16 or S17; S19(MH “Wound, Nonpenetrating+”); S20(MH “Thoracic Injurie+”); 
S21(MH “Abdominal Injurie+”); S22(MH “Hernia, Diaphragmatic+”); S23AB (Nonpenetrating or blunt) 
n3 (wound* or injur*); S24(MH “Liver/IN”); S25(MH “Diaphragm/IN”); S26(MH “Intestine, mall+/
IN”); S27(MH “Intestine, Large+/IN”); S28(MH “Colon+/IN”); S29(MH “Spleen/IN”); S30(MH “Splenic 
Rupture”); S31(MH “Aorta, Abdominal/IN”); S32(MH “Aorta, Thoracic/IN”); S33(MH “Urogenital 
sytem+/IN”); S34(MH “Heart Injurie+”); S35(MH “Rib/IN”); S36(MH “Sternum/IN”); S37(MH “Lung 
Injury+”); S38(MH “Shock, Traumatic+”); S39TI (Injur* or trauma* or blunt or non?penetrat*) n5 
(abdom* or liver or spleen or splenic or diaphragm* or aorta or thorax or thorac* or bowel or intestine* 
or colon* or bladder* or heart or rib* or lung*); S40S19 or S20 or S21 or S22 or S23 or S24 or S25 or S26 
or S27 or S28 or S29 or S30 or S31 or S32 or S33 or S34 or S35 or S36 or S37 or S38 or S39; S41S12 and 
S18 and S40

Chapter 3 
EffEcts on mortality, 
trEatmEnt and timE 
managEmEnt as a rEsult of 
routinE usE of total body 
computEd tomography in 
blunt high-EnErgy trauma 
patiEnts
a systEmatic rEviEw of litEraturE
Based on: R. van Vugt, D. Kool, J. Deunk, M. Edwards. Effects on mortality, treatment and time 
management as a result of routine use of total body computed tomography in blunt high-energy 
trauma patients. J Trauma Acute Care Surg. 2012 Mar;72(3):553-9.
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3. Effects on mortality, treatment and time management 
as a result of routine use of total body computed tomog-
raphy in blunt high-energy trauma patients.
A systematic review of literature
Abstract
Background 
Currently total body computed tomography (TBCT) is rapidly implemented in the evaluation 
of trauma patients. With this review, we aim to evaluate the clinical implications - mortality, 
change in treatment and time management - of the routine use of TBCT in adult blunt high- 
energy trauma patients compared to a conservative approach with the use of conventional 
radiography, ultrasound and selective computed tomography (CT).
Methods 
A literature search for original studies on TBCT in blunt high-energy trauma patients was 
performed. Two independent observers included studies concerning mortality, change of 
treatment and/or time management as outcome measures. For each article relevant data were 
extracted and analyzed. Additionally, the quality according to the Oxford levels of evidence was 
assessed.
Results
From 183 articles initially identified, the observers included nine original studies in consensus. 
One out of three studies described a significant difference in mortality; four described a change 
of treatment in 2-27% of patients due to the use of TBCT. Five studies found a gain in time with 
the use of immediate routine TBCT. Eight studies scored a level of evidence of 2b and one of 3b.
Conclusion
Current literature has predominantly suboptimal design to prove terminally that the routine use 
of TBCT results in improved survival of blunt high-energy trauma patients. TBCT can give a 
change of treatment and improves time intervals in the emergency department as compared to 
its selective use.
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Introduction 
Trauma is the fifth leading cause of death in the world and in patients with an age below 40 years 
it is even the leading cause of death. Accidents, causing blunt injuries, result in a worldwide 
mortality of 9%, which is equivalent to 5 million deaths each year 1. In Europe injuries account 
for approximately 800,000 deaths each year (10% of all deaths) 2 and are an important source 
for health related costs. During initial resuscitation of blunt trauma patients, time and accuracy 
of diagnoses are essential for planning further therapy. To guide the primary analysis and treat-
ment of trauma patients, the Advanced Trauma Life Support (ATLS®) is predominantly used 
worldwide 3. Because physical examination alone is not sufficiently accurate, additional radio-
logical examinations are performed. According to the ATLS® guidelines, conventional diagnos-
tics are performed first, e.g. conventional radiography (CR) and focused abdominal sonography 
in trauma (FAST), followed by selective use of computed tomography (CT) of specific body 
regions if indicated.
In the past decade CT is increasingly used in the trauma bay 4,5. It is more sensitive and specific 
compared to CR and FAST 6. Today, with technical and infrastructural improvements, CT has 
evolved into a reliable and important method of diagnostic imaging in trauma. Both organ and 
osseous injuries can be diagnosed and (potentially life-threatening) bleeding sites may be iden-
tified. In addition to the diagnostic value of CT in imaging patients presenting with traumatic 
injury to individual organs 7,8, CT has been reported to be a valuable modality for total body 
imaging in terms of better patient management and diagnostic accuracy 9-12. However, there are 
several disadvantages like radiation exposure, extra costs, the need for transport to the CT 
room if the scanner is not located in the trauma bay 13,14.
As a consequence of these developments, currently worldwide applied imaging guidelines may 
not represent the optimal primary imaging algorithm anymore. Based on the results of several 
studies, the use of routine total body computed tomography (TBCT) consisting of CT of the 
head, cervical spine, chest, abdomen and pelvis, is currently rapidly implemented in trauma 
protocols worldwide 15,16. Most studies focus on the additional diagnostic value of TBCT, but 
there are few studies that address additional value with respect to patient outcome. It is assumed 
that improved diagnostics will lead to an improved survival, which extended in an increasing 
use of routine TBCT. However, the question is if there is enough evidence to justify the imple-
mentation of routine TBCT.
This review studies the evidence in literature, to determine whether diagnostic algorithms 
including a routine TBCT in blunt high-energy trauma patients, result in lower mortality, 
changes in treatment or reduced time intervals on the Emergency Department (ED). To 
answer these questions, we reviewed the literature on studies that compared routine TBCT to 
the conventional diagnostic strategy based on ATLS®, consisting of conventional radiological 
work-up by CR of cervical spine, chest and pelvis and FAST, followed by the selective (organ 
focused) use of CT if indicated, depending on local guidelines and algorithms.
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Materials and Methods
Criteria for inclusion
The PICO format 17 was used for the search of literature to answer the question whether diag-
nostic algorithms including a routine TBCT in blunt high-energy trauma patients result in a 
difference in mortality, change in treatment or reduced time intervals on the ED, compared 
to a conventional diagnostic strategy. In this format “P” (patients) comprised adult patients 
after blunt high-energy trauma; “I” (intervention) comprised the index test routine TBCT; “C” 
(comparison intervention) was CR and FAST with the use of selective CT; “O” (outcomes of 
interest) comprised mortality, change in treatment and/or time management. 
Eligible original research articles were selected if they described the index test TBCT (CT from 
skull down to pelvis or further distal), the reference test including conventional work-up and 
an outcome consisting of mortality, change in treatment or time management. Mortality was 
defined as death within one month after the sustained trauma. Change of treatment was defined 
as a change in early hospital discharge, admission for observation, up- or downgrade of level of 
care, operative intervention or additional diagnostic studies or interventions as a direct result 
of the performed TBCT. Time management was defined as a change in time (intervals) in the 
primary diagnostic evaluation of trauma patients. The included patients had to be high-energy 
trauma victims of 16 years and older. Trauma was defined as blunt physical injury caused by an 
external force, which may cause death or permanent disability.
Exclusion criteria
We excluded articles concerning children younger than 16 years old and penetrating injuries, as 
well as studies describing less than five patients. There was no language or journal restriction. 
Search strategy
A computerized search of literature was performed until December 2010, using the Cochrane 
Library database and PubMed. For this search, keywords were used that referred to the patient 
population (“trauma” or the MeSH term “Wounds, Nonpenetrating”), the intervention and 
comparison (“CT”, “MSCT”, “MDCT”, “whole-body”, “total body”, “chest” or the MeSH terms 
“Tomography, X-Ray Computed”, “Whole body imaging”, “Thorax”, “abdomen”, “pelvis” and 
“spine”); and the outcomes of interest (“mortality”[Mesh], “Time Management”[Mesh], or 
“treatment”). Furthermore we searched the two non-PubMed indexed journals European 
Journal of Trauma and Emergency Surgery and Emergency Radiology. Additionally the refer-
ence list of each eligible article was cross-reference searched for other relevant publications to 
identify additional studies not found in the computerized search (RvV). Both retrospective, 
prospective and descriptive studies were accepted for inclusion. A detailed overview is provided 
in the Appendix.
60
Appendix 
Search strategy
Database of literature Query terms No. of hits
Cochrane library
www.cochrane.org 
(latest access: 1/12/10)
Trauma
603 
(0 potentially useful)
PubMed
www.pubmed.com
(latest access: 1/12/10)
((trauma) OR (“Wounds, 
Nonpenetrating”[Mesh])) AND 
((CT) OR (MSCT) OR (MDCT) 
OR (“Tomography, X-Ray 
Computed”[Mesh]) OR “Whole 
body imaging”[Mesh])) AND 
((whole-body) OR (total body) 
OR(chest) OR (“Head” [Mesh]) 
OR (“Cerebrum”[Mesh]) OR 
(“Thorax”[Mesh]) OR (“abdo-
men”[Mesh]) OR (“pelvis”[Mesh]) 
OR (“spine”[Mesh])) AND 
((“mortality”[Mesh]) OR (“Time 
Management”[Mesh]) OR (treat-
ment))
6115
(167 potentially useful)
European journal of trauma 
and emergency surgery
www.europeantrauma.net
(latest access: 1/12/10)
Computed tomography
133 
(3 potentially useful)
Emergency Radiology
www.springerlink.com/
content/103078
(latest access: 1/12/10)
Trauma AND computed tomo-
graphy
421 
(13 potentially useful)
Secondary hand search (19 potentially useful)
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Selection of dedicated studies
One reviewer (RvV) performed the literature search. First, all titles focusing on blunt trauma 
victims and CT were selected. Titles considering children < 16 years old, non-human research, 
non-trauma patients or exclusively penetrating injuries were excluded. From these potentially 
relevant titles, abstracts were retrieved. Subsequently, two reviewers (RvV & DK) independently 
assessed the abstracts of selected titles. Abstracts were judged on their content. Included articles 
had to be original research, considering blunt trauma patients. Patients had to be their own 
control groups, or they had to be divided in two study groups, one receiving CR and FAST with 
the use of selective CT, the other group had to have a TBCT in the primary evaluation. Excluded 
were articles considering only specific body regions, like specifically studying head, neck, chest, 
abdomen or pelvis. If there was any doubt about whether an abstract should be included or 
the abstract was absent, the full text article was retrieved. We retrieved the full text articles of 
potentially relevant abstracts and besides the previously mentioned points of interest, we also 
looked if the articles reported the outcomes of interest (mortality, change of treatment or time). 
Final inclusion was always based on the full text article. In case of disagreement between the two 
reviewers, a third reviewer (ME) was consulted. During the selection process no concealment of 
authors or institutions was used. 
Data extraction and quality assessment
Data were independently extracted by the two reviewers (RvV & DK). Potentially sources of 
bias and variation of the studies were addressed. Using a data extraction sheet, we selected all 
relevant items specific for this review: study design, type of patients, patient characteristics 
and outcome. If the reported data were unclear or incomplete, the corresponding author of the 
article was contacted to complete the information. The quality of the articles was independently 
assessed by two authors (RvV & DK) using the Oxford (CEBM) levels of evidence 18. In case of 
disagreement between the two reviewers, a third reviewer (ME) was consulted.
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Figure 1. 
Flow chart: summary of the inclusion process.
9 studies were included 
in this systematic review 
± 7000 studies not included for 
review based on title 
(wrong population or not 
about trauma and computed 
tomography)
183 potentially relevant studies 
retrieved for more detailed 
evaluation by 2 independent 
reviewers
> 7000 articles 
identified in our search 
of the literature
193 studies excluded in consensus 
because they did not fulfill the 
criteria for this review 
(no original study, wrong popula-
tion, wrong outcome)
19 potentially relevant 
studies were found by 
hand search
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Results
The search of literature yielded more than 7000 hits. Of these a selection of 183 original research 
articles focusing on adult blunt trauma victims was made for further evaluation. After the 
consensus meeting of the two readers responsible for inclusion, nine articles were included for 
this review, based upon the full text versions. The two reviewers independently agreed on inclu-
sion and exclusion of all articles (see Figure 1). Three articles addressed mortality as the outcome 
9,19,20 for describing the effect of routine TBCT in blunt high-energy trauma patients, four articles 
described changes in treatment 10,21-23 and five articles described time intervals 9,11,19,20,24. 
Mortality
We included three retrospective studies, all from Germany. For the outcome mortality, they 
described a total of 5309 patients 9,19,20. The two single centre studies 19,20 described the difference 
in mortality after a change in their resuscitation protocol. They compared pre- and post protocol 
outcomes. First, Wurmb et al 19 compared the outcome in trauma patients with suspected 
multiple injuries. TBCT as the initial diagnostic tool was compared to CR, combined with 
FAST and organ-focused selective CT. The authors found significantly more serious injuries in 
the TBCT group (Injury Severity Score 24 vs. 27), without a difference in outcome. Fourteen 
patients died in both groups (8.6% vs. 9.0%; not significant) within the first 30 days. Second, 
Weninger et al 20 evaluated efficacy, speed and accuracy in a diagnostic protocol including 
physical examination, CR, FAST and further procedures if indicated compared to a diagnostic 
protocol in which all trauma patients underwent TBCT immediately after admission. The 
authors observed a non-significant difference in in-hospital mortality (mean hospital stay 30.6 
days) in both groups (16% vs. 17%). The third study, a large data registry analysis of the trauma 
registry of the German Trauma Society by Huber-Wagner et al 9, compares the probability of 
survival in patients with blunt trauma who had TBCT during resuscitation with those who had 
not. The recorded overall mortality rates were respectively 21% and 22%. The difference was not 
significant. A side note has to be made that the two groups were not comparable; there were for 
instance significant differences in the incidence of shock, Glasgow Coma Scale on scene and 
intubation rate. By choosing a risk-adjusted approach, they balanced this difference, giving a 
significant increased probability of survival. Finally they calculated several logistic regression 
models in which the odds ratio for the use of TBCT was always a significant positive effect on 
survival. According the evidence-based medicine levels of evidence 18 the three studies were 
unanimously scored as 2b in the category diagnosis (see Table 1). 
Change of treatment
Literature showed four observational studies which enable comparison of change of treatment 
between the use of routine TBCT and conventional resuscitation algorithms 10,21-23 (see Table 2). 
The first three described a change of treatment within the studied cohort. Tillou et al 21 prospec-
tively evaluated injuries in blunt trauma victims receiving a TBCT. The primary outcome was 
injury needing immediate intervention. The perceived need for each scan was independently 
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Table 1. 
Descriptive information in the studies included with the outcome mortalit
Wurmb 2010 19 Weninger 2007 20 Huber-Wagner 2009 9
Study design
Retrospective 
single centre
Retrospective 
single centre
Retrospective 
multi centre
Study period ‘01/’03 vs. ‘04/’06 ‘01/’02 vs. ‘03/’04 2002-2004
No. of patients TBCT 163 185 1494
No. of patients 
conventional 155 185 3127
Patient characteristics
76% male 
Age 38 
ISS 26
78% male
Age 42
ISS 27
73% male
Age 43
ISS 30
Mortality TBCT vs. 
conventional
8.6 vs. 9.0 % 17 vs. 16% 21% vs. 22%
Level of evidence 18 2b 2b 2b
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recorded before all patients went to CT. An immediate intervention was required in 2 of the 52 
(3.8%) patients with an unsupported CT. In 19 patients, none of the four CT scans (head, neck, 
chest or abdomen) was supported; nine of these had an injury identified, and six were admitted 
to the hospital. Overall, 76 (27%) patients were discharged from the ED after a negative TBCT, 
of whom > 10% would have been admitted before CT. In 40% of the patients the admission 
status was not determined before TBCT was performed. Salim et a1 10 studied the use of liberal 
TBCT imaging in evaluable patients admitted following blunt multisystem trauma without 
obvious signs of injury. In a prospective observational study the authors recorded any alteration 
in the normal treatment plan as a direct result of CT findings, including early hospital discharge, 
admission for observation, operative intervention, additional diagnostic studies or interven-
tions. Treatment was changed in 18.9% of these patients based on abnormal CT findings. Eight 
patients (0.9%) directly went to the operation room due to findings on CT. Self et al 22 retro-
spectively evaluated the role of routine CT of the chest, abdomen, and pelvis as a screening tool 
for patients already undergoing cranial CT studies. The authors found that 38% of the patients 
undergoing cranial CT scanning had an unexpected finding on thoracoabdominal scans. 
Changes were made in 26% of the study group due to injuries found on these adjuvant CT scans 
consisting of hospital admission, ICU instead of general ward admission, additional studies as 
angiography, tube thoracostomy or operation. Five patients (4.3%) directly went to the opera-
tion room due to CT findings. The fourth study, by Smith et al 23, evaluated patients presenting 
in two 3-month periods before and after the introduction of a major trauma CT protocol. More 
eligible patients received major trauma CT scanning post-protocol than pre-protocol (87/114 
(76%) vs. 44/94 (47%)). In three cases after introduction of the protocol, an immediate interven-
tion was required for injuries that would not have been recognized in the pre-protocol setting. 
Although there is a bias because not all eligible patients received TBCT after implementation of 
the new protocol, the authors concluded that TBCT resulted in substantial changes in clinical 
management in a small number of patients without any increase in adverse events. The levels of 
evidence 18 of the first three studies were unanimously scored as 2b in the category diagnosis. 
The study from Smith et al scored 3b.
Time management
Five retrospective studies described time intervals necessary going through a TBCT protocol 
and a conventional resuscitation protocol. In the context of time they describe different 
endpoints (see Table 3). Weninger et al 20, as previously mentioned, described a study comparing 
a “TBCT-protocol” with a “Pre-TBCT-protocol”. Time periods from ED admission to complete 
diagnoses were compared. The full extent of injuries was definitively diagnosed after 12 ± 9 
minutes in 92.4% of the “TBCT-protocol” cohort. In only 76.2% of “Pre-TBCT-protocol” cohort 
definitive diagnosis was possible after 41 ± 27 minutes. Total ED times were 70 ± 17 minutes 
and 104 ± 21 minutes respectively (p < 0.05). Huber-Wagner et al 9 as previously mentioned 
performed a data registry analysis. The authors found a difference in time from trauma room 
admission to CT. With the use of TBCT the average was 35.5 ± 26.5 minutes versus 46.6 ± 
37.5 minutes in patients given non-TBCT (p<0.001). Wurmb et al reported in several articles 
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Table 2. 
Descriptive information in the studies included with the outcome change of treatment, based 
on TBCT.
Wurmb 2010 19 Weninger 2007 20 Huber-Wagner 2009 9
Study design
Retrospective 
single centre
Retrospective 
single centre
Retrospective 
multi centre
Study period ‘01/’03 vs. ‘04/’06 ‘01/’02 vs. ‘03/’04 2002-2004
No. of patients TBCT 163 185 1494
No. of patients 
conventional 155 185 3127
Patient characteristics
76% male 
Age 38 
ISS 26
78% male
Age 42
ISS 27
73% male
Age 43
ISS 30
Mortality TBCT vs. 
conventional
8.6 vs. 9.0 % 17 vs. 16% 21% vs. 22%
Level of evidence 18 2b 2b 2b
$  In these studies patients were their own control group
#  Discharge after negative TBCT 
*  In this study only the injuries leading to subsequent interventions are reported
µ  = average
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about the same cohort of patients, considering time requirements for two different diagnostic 
approaches to the evaluation of multiple injured patients 11,19,24. One approach was TBCT as the 
sole radiological procedure, the other approach included CR, combined with FAST and selective 
CT. Time necessary for diagnostic workup were a median of 23 minutes (Interquartile range 
(IQR) 17-33) for the TBCT group and 70 minutes (IQR 56-85) for the conventional approach. 
The definitive management plan was devised after 47 minutes (IQR 37-59) and 82 minutes (IQR 
66-110) respectively 11. In another journal Wurmb et al 19 reported a significant difference in 
time from admission in the ED to the operating room in the same cohort, with a median of 
105 minutes (IQR 85-133) for TBCT and 120 minutes (IQR 90-150) for the selective use of CT. 
The third report 24 analyzed time needed in the emergency room for the initial stabilization, 
completing the diagnosis and the emergency room treatment. For the use of TBCT times were 
13 min (IQR 10-17 min), 23 min (IQR 17-33 min) and 47 min (IQR 37-59 min), respectively. 
The times for patients conventionally imaged were 10 min (IQR 8-12 min), 70 min (IQR 56-85 
min) and 82 min (IQR 66-110 min), respectively. All five studies were unanimously scored as 
2b for the level of evidence. 
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Table 3. 
Descriptive information in the studies included with the outcome 
time management.
Wurmb 
2009 11
Weninger 
2007 20
Huber-
Wagner 
2009 9
Wurmb
2010 19
Wurmb
2009 24
Study design
Retrospective 
single centre
Retrospective 
single centre
Retrospective 
multi centre
Retrospective 
single centre
Retrospective 
single centre
Study period 2002 vs. 2004 ‘01/’02 vs. ‘03/’04 2002-2004
‘01/’03 vs. 
‘04/’06 2002 vs. 2004
No. patients 
TBCT 82 185 1494 163 82
No. patients 
control
79 185 3127 155 79
Time (min)
Diagnostic 
workup ED time ED to CT ED to OR
Initial stabili-
zation
TBCT vs. 
Conventional
23 vs. 70 
Definitive 
plan: 
47 vs. 82
70 vs. 104 36 vs. 47 36 vs. 47
13 vs. 10
Complete 
diagnoses: 
17 vs. 23
On ED: 47 
vs. 82
Level of 
evidence 18
2b 2b 2b 2b 2b
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Discussion
Reviewing the literature there seems a trend to use TBCT for more severely injured patients 9-12. 
Some state that critically ill patients and those with a high likelihood of multiple injuries deserve 
and require TBCT 25. However, definitions for a ‘high likelihood of multiple injuries’ are unclear 
and current appropriateness criteria may be too unspecific, leading to overtriage and a surplus 
of scans in up to 30% of all cases 26. Several reports have recommended the use of CT as both a 
screening and a diagnostic tool, and some have suggested that CT could replace the use of CR 
in certain traumatic situations 7,27. Performing TBCT on neurologically depressed or intubated 
patients has become an accepted protocol in many trauma centres 8,22. Even in alert patients, 
liberal CT scanning is advocated due to the unreliability of physical examination 28,29. Some 
would argue that CT has replaced physical examination in trauma patients 27. Clinical studies 
have supported the use of TBCT in trauma patients in the emergency settings 8,22,28-31. However, 
when searching for perhaps the most important outcome for trauma patients, evidence for 
improved survival due to TBCT cannot be found in literature. From the three studies addressing 
mortality using two different algorithms for the imaging of blunt high-energy trauma patients, 
Huber-Wagner et al performed the only multicenter study with the largest number of patients 9. 
Mortality rates in both groups seem similar, but the groups were not comparable, making it not 
possible to compare and pool data with the two other studies describing mortality 19,20. With 
the use of a risk-adjusted approach, Huber-Wagner tried to balance this difference, giving a 
significantly increased probability of survival in severely injured patients with the integration of 
TBCT. Although the last study is has the highest patient number and most solid methodology, 
currently literature has predominantly suboptimal design to prove terminally that the routine 
use of TBCT results in improved survival. However, there is evidence that TBCT increases the 
probability of survival of blunt high-energy patients.
CT has already proven its diagnostic value in imaging patients presenting with traumatic injury 
to individual organs 32,33. Not surprisingly, several studies describe additional diagnosis found 
with the use of CT in comparison to the use of CR and FAST 4,21. When we searched for articles 
addressing change of treatment due to additional diagnoses found by TBCT, we only found 
four studies describing a change of treatment between 2% and 27%. These numbers include an 
upgrade or downgrade of the intensity of the level of care and admitting or dismissing patients. 
Operative consequences in the change of treatment were rare. The results from TBCT may have 
fewer consequences for treatment decisions than assumed 25.
Five retrospective studies considered time, from which three studies concerned the same 
patients in a similar time period. The studies describe different time intervals, improving speed 
in the ED with the use of TBCT. Skipping CR and FAST gives a more rapid workup, which is 
associated with an earlier decision for further treatment and an earlier transfer from the ED. 
Also the improvement in CT technique has increased performance and has reduced scanning 
times, which favors multislice CT for imaging trauma patients 26. 
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Routine performance of TBCT is the most accurate diagnostic work-up in the resuscitation of 
blunt high-energy trauma patients. However, there are several disadvantages using this modality 
in all patients. The tendency towards excessive use of CT results in higher radiation exposure, 
higher costs, more transport of patients to CT rooms and more incidental findings. One should 
be careful not to scan patients unnecessarily, especially because the estimated lifetime risk of cancer 
from a single whole-body CT examination is about one in 1,250 for a 45-year-old adult 34-36. 
The type of CT, number of cuts and size/age of the patient all matter. Although CT has much 
additional diagnostic value, apparent benefit with regard to mortality is not finally proven 
yet. Actually it would be interesting to know more about the morbidity of the use of CT, but 
measuring this appropriately is difficult. Also it would be interesting to know more about any 
savings in number of total radiological images that need to be obtained in any one patient and if 
less extremity and spine conventional radiographs are performed.
Based on current literature TBCT can be used safely as a routine diagnostic tool in blunt 
high-energy trauma patients. However, more well-designed research regarding outcome should 
be performed. For this we reason we are planning to conduct a large prospective multicentre 
trial. 
As with other types of research, it is important to recognize the limitations of this review. 
Although our search yielded more than 7000 hits, we only found a limited number of articles 
eligible to answer our questions. We were not able to find any randomized controlled trial. The 
included studies were not comparable due to different designs. The great majority of studies 
included, were retrospective with a small study population with moderate quality. Most studies 
regarding time management were conducted in the same centre, describing the same cohort of 
patients. Conclusions based on these articles cannot be definitive. 
Conclusion
Routine TBCT gives a change of treatment in 2-27% of the patients and it improves time 
intervals in the emergency department as compared to its selective use. Current literature has 
predominantly suboptimal designs to prove terminally that the routine use of TBCT results in 
an improved survival of blunt high-energy trauma patients. 
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survIval from blunt 
thoracoabdomInal 
trauma
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Influence of routine computed tomography on the predicted survival in blunt thoracoabdominal 
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4. Influence of routine computed tomography on 
predicted survival from blunt thoracoabdominal trauma
Abstract
Introduction
Many scoring systems have been proposed to predict survival of trauma patients. This study was 
performed to evaluate the influence of routine thoracoabdominal computed tomography (CT) 
on the predicted survival according to the Trauma Injury Severity Score (TRISS). 
Patients and Methods
During a 3-year period 1047 patients were prospectively included after sustaining a high-energy 
blunt trauma. All patients underwent physical examination, conventional radiography of the 
chest, thoracolumbar spine and pelvis, abdominal sonography and routine thoracoabdominal 
CT. From this group with routine CT, we prospectively defined a selective CT (sub)group in case 
of abnormal physical examination and/or conventional radiography and/or sonography. Type 
and extent of injuries were recorded for both the selective and routine CT group. Based on the 
injuries found by the two different CT algorithms, we calculated the Injury Severity Scores (ISS) 
and predicted survival according to the TRISS methodology for the routine and the selective 
CT algorithm. 
Results
Based on injuries detected by the selective CT algorithm, mean ISS was 14.6, resulting in a 
predicted mortality of 12.5%. Due to additionally found injuries in the routine CT algorithm, 
the mean ISS increased to 16.9, resulting in a predicted mortality of 13.7%. The actually observed 
mortality was 5.4%.
Conclusion
Routine thoracoabdominal CT in blunt high-energy trauma patients reveals more injuries than 
a selective CT algorithm, resulting in higher ISS. According to the TRISS, this results in higher 
predicted mortalities. Observed mortality, however, was significantly lower than predicted. The 
predicted survival according to MTOS seems to underestimate actual survival when routine CT 
is used.
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Introduction
Trauma remains a major cause of death and disability, especially in persons younger than 45 
years 1-3. In the past 30 years, several scoring systems have been proposed for assessing trauma 
patients’ initial status, describing injuries, and eventually predicting outcome 4-9. These scoring 
systems, like the Trauma Injury Severity Score (TRISS), can be used to develop models for 
predicting the probability of survival in a population base 10. Despite advances in trauma care 
and identification of numerous limitations of TRISS, this method continues to be the most 
commonly used tool for monitoring trauma outcomes and assessing trauma unit performance 11,12. 
The TRISS method has led to the Major Trauma Outcome Score (MTOS), allowing comparative 
evaluation of hospital care of the injured patient 10,13. The TRISS method was already developed 
in 1987 and revised a couple of years later 10,14. However, computed tomography (CT) was not 
used extensively in emergency departments at that time and CT has been used increasingly 
ever since. Moreover, due to technological advancements, the sensitivity of CT has increased 
considerably, which has led to an improved injury detection. As a consequence of these and 
other factors, CT has been increasingly used in the initial evaluation of blunt trauma patients 
during the last decades 15. While many institutions still prefer to use thoracoabdominal CT 
only in selected situations, others prefer to use CT routinely in every patient after blunt high- 
energy trauma. We hypothesed that the use of routine thoracoabdominal CT will interfere with 
injury-based survival analyses such as the TRISS method, since routine CT will result in an 
improved injury detection and therefore in higher injury severity scores, which in turn will lead 
to higher predicted mortality rates. Although this seems logical, to the best of our knowledge, 
no study has demonstrated and quantified this before. However, in the interpretation of survival 
results of individual institutions and in the comparison between several clinics, it is indis-
pensable to comprehend the influence of routine CT on the survival analyses. Moreover, the 
knowledge of this mathematical influence is essential in interpreting studies about the effect of 
routine CT on outcome parameters such as survival 16. Therefore, the purpose of this study was 
to evaluate the influence of routine thoracoabdominal CT scanning on the predicted survival 
calculations according to the TRISS method.
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Patients and Methods 
Subjects
A prospective observational cohort study was performed in a 953-bed teaching hospital with 
full 24-hour surgical capability, serving as a level 1 trauma centre for an area with a popula-
tion of 1.6 million. Patients with a high index of suspicion for serious injuries after trauma are 
directly transported to our hospital. In the period of May 2005 until June 2008 all patients who 
sustained high-energy blunt trauma were prospectively registered and included in a Trauma CT 
database, originally designed to evaluate the additional value of routine versus selective CT of 
the cervical spine, chest, abdomen and pelvis in blunt trauma patients. 
High energy trauma was defined as a fall from a height ≥ 3 m, a car collision ≥ 50 km/h (or ≥ 30 
km/h without wearing a seatbelt), bicyclist or moped drivers versus motor vehicle with a speed 
≥ 30 km/h, or being jammed, stuck, buried or crushed between heavy objects.
The results from studies of the additional value of CT have been described in previous publica-
tions 17,18. In this trauma CT database, radiological and clinical data were collected from all blunt 
trauma patients of 16 years and older. Excluded patients were patients being transferred from 
another hospital and patients who had sustained penetrating trauma. We also excluded patients 
with a class III or IV shock requiring immediate surgical intervention, cases of neurological 
condition or deterioration needing immediate neurosurgical intervention without any further 
diagnostic delay and patients with suspected or known pregnancy. At admission a multidisci-
plinary trauma team examined all patients according to the hospital’s protocol based on the 
guidelines for Advanced Trauma Life Support (ATLS®) 19.
Data collection
Data were prospectively collected in a standardized database using Microsoft Access version 
2000 (Microsoft Inc., Redmond, WA). All patients underwent primary and secondary survey 
according to the ATLS® and conventional radiography, consisting of radiography of the chest, 
pelvis and spine, and a focused abdominal sonography. After this, the trauma team prospec-
tively established whether there was an indication to perform an additional (selective) CT of the 
chest, abdomen, pelvis or thoracolumbar spine (Table 1) 17,18. Subsequently, instead of a selective 
MDCT, all patients underwent a routine thoracoabdominal CT. After this, it was determined 
whether the final diagnoses were detected either by selective CT that was performed on indica-
tion or by routine CT. For all patients we processed the data for two different algorithms: “CT on 
indication” and “Routine CT” (Figure 1) and calculated the RTS, ISS and predicted survival for 
both algorithms, using published methods 10,14. For the calculations of the ISS and the predicted 
survival in the “CT on indication” algorithm, we only used the injuries found by physical exam-
ination, conventional radiography and the injuries found by the selectively performed CT. In the 
“Routine CT” algorithm, we used all injuries found on physical examination and total radiolog-
ical work-up, including routine thoracoabdominal CT. 
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Figure 1. 
Two algorithms compared in this study “CT scan on indication” vs. “Routine CT-scan”. All 1047 
blunt trauma patients underwent thoracoabdominal CT. However, patients who would have 
met criteria in a “CT on indication” algorithm, were prospectively defined. This resulted in a 
number of diagnoses, AIS, ISS and a predicted survival based on physical examination, conven-
tional radiological examination, ultrasound and CT for patients who met these criteria for the 
“CT on indication”. In the right arm the total number of diagnoses was solely based on routine 
CT in all patients.
1047 blunt traumapatients
Number of diagnoses
AIS “indication”
ISS “indication”
Predicted survival
“with CT on indication”
Number of diagnoses + 
“missed” diagnoses
AIS “routine”
ISS “routine”
Predicted survival
“with routine CT”
Physical Examination + Conven-
tional radiologic exemination
CT-scan on indication
Physical Examination + Conven-
tional radiologic exemination
Thoracoabdaminal CT-scan
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The RTS was derived from the respiratory rate, systolic blood pressure and (on scene) Glasgow 
Coma Score 14. The ISS was calculated by using the square of the three highest scores on the AIS, 
following the six body regions: face; head and neck; chest and thoracic spine; abdomen, lumbar 
spine and pelvic contents; bony pelvis and limb and body surface 5. The TRISS was calculated 
from the RTS, ISS, age of the patient and nature of injury (blunt or penetrating), and this subse-
quently provided a probability of survival (Ps). The TRISS was calculated using the formula as 
presented in the original publication from Boyd et al 10.
Statistical analysis
Statistical analysis was performed with SPSS version 16.0 for Windows (SPSS Inc., Chicago, IL). 
M, Z and W statistics were calculated. The M statistic is a measure for the injury severity match 
between the study subset and the MTOS. It is defined by adding the lowest of all fractions of 
patients falling into each of six predicted survival ranges (Ps) of the study subset and the base-
line subset (MTOS) together. A value of 1 represents an excellent match between study group 
and baseline patients group (MTOS). Lower values indicate a disparity in the injury severity 
between groups. The Z-score is a statistic of outcome comparison between two subsets of a 
population 20. It quantifies the difference in actual number of deaths in the test (e.g. our hospital) 
and the predicted number of deaths based on the MTOS norm. 
The statistic W describes the clinical and practical significance of differences between actual 
and expected survivors. The Z- and W-s scores were calculated as presented in the publication 
from Flora et al 20.
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Table 1. 
Indications for selective CT of specific body regions
Region Indication
Thorax
> 3 rib fractures on conventional radiography
Suspicion of hemothorax on conventional radiography
Suspicion of contusion lung conventional radiography
Suspicion of pneumothorax conventional radiography 
Abnormal mediastinum/suspicion of aortic lesion on 
conventional radiography
Abdomen
Abdominal tenderness
Free fluid on sonography
Parenchymal injuries on sonography
Macroscopic hematuria
Pelvis Pelvic fracture on conventional radiographyInadequate quality conventional radiography
Thoracolumbar spine
Spinal cord injury
Osseous pain
Vertebral fracture on conventional radiography
Inadequate quality of conventional radiography
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Results
Characteristics of subjects
From May 2005 to June 2008 a total of 1199 patients who had sustained a blunt high-energy 
trauma were admitted to our emergency department. A total of 1047 of these patients met the 
inclusion criteria. The predominant mechanism of trauma was traffic incidents. In this study, 569 
patients were presented after sustaining a motor vehicle accident, 217 were bicyclist or moped 
drivers and 37 were pedestrians. Sixty-six patients fell from a height ≥ 3 m. Other high-energy 
mechanisms (n=158) were being jammed, stuck, buried or crushed between heavy objects. The 
population consisted of 731 men (69.8%) and 316 women. Mean age was 39.5 (range 16-95, SD 
17.8), mean RTS was 11.3 and mean GCS was 12.7. Four hundred and seventy-eight patients 
had an ISS ≥16. Of the 265 patients who were presented with a RTS ≤ 11, 231 had a decreased 
Glasgow Coma Score of 12 or less. Fifty-seven patients died during their hospital stay, most of 
them (n=46) due to associated neurologic injury (81.0%). 
Of the 1047 included patients, 115 (11.0%) had an indication to perform a complete thoracoab-
dominal CT based on abnormalities during physical examination, conventional radiography 
and abdominal sonography For 205 patients there was an indication to perform solely a CT of 
the thorax and 211 patients had an indication to perform a CT of abdomen and pelvis. For 516 
patients (49.3%) there was no indication to perform an additional CT. These patients received 
thoracoabdominal CT solely based on their high-energy trauma mechanism. 
Analysis predicted survival 
In the algorithm based on the injuries detected solely by CT scan on indication, mean injury 
severity score was 14.6 (SD 13.9). Calculations according to the TRISS methodology gave a 
mean predicted survival of 87.5%, representing a predicted mortality of 12.5%. In the routine 
CT algorithm, based on all injuries detected by routine thoracoabdominal CT, the mean injury 
severity score was 16.9 (SD 13.1). Using the TRISS methodology, the predicted survival in the 
routine CT algorithm was 86.3%. This implies that the predicted mortality rates according to 
the TRISS methodology were 13.7% using CT routinely and 12.5% using CT on indication 
(Table 2). This is significant difference (p=0.016). In our study population, the W-score was 
13, implying a difference in the predicted number of deaths between the two algorithms of 
13 patients. The most important reasons for an increase of the ISS due to routine thoracoab-
dominal CT as compared CT on indication, were the diagnoses of (bilateral) lung contusion, 
multiple rib fractures with or without pneumothorax or laceration of the abdominal organs, 
which were not detected by physical examination, conventional radiography, sonography, and 
indicated radiological work-up.
Evaluation of survival with routine CT versus MTOS
The actually observed mortality was 5.4%. This was significantly lower as predicted in both 
the routine CT group and CT on indication group according to the TRISS methodology. 
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Table 2. 
Differences in ISS and probable survival in two different algorithms
CT on indication CT on indication
Injury Severity Score * 14.6 16.9
Range 0-75 0-75 
SD 13.9 13.1
Predicted survival (MTOS) 87.5% 86.3%
* Significant difference between “Routine CT” and “ CT on indication” (p<0.05)
Table 3. 
M-score definition. The M-score was defined by summing the smaller of the two fractions 
(Italic), resulting in a M-score of 0.866.
Range
Predicted Survival
No. of patients Study subset
Fraction of patients 
within range
Baseline subset 
(MTOS)
0.96-1.00 728 0.695 0.828
0.91-0.95 60 0.057 0.045
0.76-0.90 58 0.055 0.044
0.51-0.75 77 0.074 0.029
0.26-0.50 55 0.053 0.017
0.00-0.25 69 0.066 0.036
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In our study the M-score was 0.866 (Table 3). After applying the values derived from our study 
data (D=57; ∑Qi=143.7; ∑QiPs=54.9) to the formula to establish the Z score, the overall Z- 
statistic for our hospital was -11.7. Applying our values (A=990, E=903, N=1047) to the previously 
mentioned formula for the W statistic of Flora et al, a W value of 8.3 was calculated. This means 
that in our hospital, per hundred patients treated, 8.3 more blunt injured adults survive than 
would be expected from the MTOS norm. Table 4 outlines the number of patients with addi-
tional found injuries due to routine CT as compared to the injuries found on CT by indication.
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Table 4. 
The number of patients (study group n=1047) and percentages with additional found injuries 
due to routine CT as compared to the injuries found on CT by indication. 
CT on indication Routine CT Absolute difference
Thorax 198 (18.9%) 409 (39.1%) 211 (20.2%)
Abdomen 116 (11.1%) 362 (34.6%) 245 (23.4%)
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Discussion 
Despite its widespread use, the TRISS methodology for calculating the predicted survival has 
many limitations and is criticized widely in literature 4,7-9,21-23. It has been found to have high 
misclassification rates in severely traumatized patients 4. In many studies attempts have been 
made to improve, either physiological or anatomical based, outcome estimates in trauma 7,9. 
Nevertheless, it is still the most commonly used method for predicting outcomes in trauma 
populations. In this study we evaluated the influence of the improved injury detection by routine 
thoracoabdominal CT on the TRISS survival analysis. 
We found a significant difference for both the injury severity scores and predicted survival rates 
within the same group of patients, when comparing the two different diagnostic algorithms 
“CT on indication” and “Routine CT”. Predicted mortality in the two algorithms was 12.5% 
and 13.7% (p=0.016) respectively. Performing a routine thoracoabdominal CT resulted in the 
detection of an increased number of diagnoses, resulting in higher injury severity scores and 
consequently in a significant decrease in predicted survival. Based on the results of this study, 
it is demonstrated that the interpretation of outcome data in blunt trauma patients is highly 
dependent on the diagnostic modalities used. This is not only important in comparing the 
outcomes of different institutions, but also in the comparison of historical cohorts and drawing 
conclusions from them.
 
Another finding of our study is the disparity between the observed and predicted outcomes 
using the TRISS methodology. The predicted mortality based on the TRISS and MTOS data 
was 13.7%, while the actually observed mortality was only 5.4%. This was a significant differ-
ence. Although mathematical calculations using the M-statistics showed that the case-mix of 
our study was slightly different from the MTOS database, the distribution of the M-statistics 
showed that our study population was more severely injured than the TRISS population. Never-
theless, we still found a significantly better observed survival than predicted according the 
TRISS methodology. This significant difference between the predicted and observed survival 
might be explained by several arguments. First, this might be explained by the fact that the 
predicted (reference) survival rates according to the MTOS seem to be too pessimistic in case 
CT is performed routinely. Although it is unclear which diagnostic tools were used in the MTOS 
population, it is unlikely that each patient received routine CT at that time. Without the use of 
routine CT it is likely that some injuries in the original MTOS population remained undetected, 
resulting in an underestimation of the actual injury severity in some cases, leading to an deceiv-
ingly low ISS for the MTOS population, while the population was actually more injured than 
assumed. On the other hand, routine CT scanning leads to the detection of many additional inju-
ries (for example small and clinically irrelevant pulmonary contusions) that can consequently 
lead to a higher ISS, leading to a higher predicted mortality. Moreover, the missing or underes-
timation of injuries due to incomprehensive diagnostics in the MTOS population might have 
had a negative result on the actual outcome of the MTOS population, thereby leading to worse 
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reference mortality rates. Altogether, this implies that the MTOS data are outdated and need 
adjustments or that new (CT-based) scoring systems should be created in the future. A gloss has 
to be made about the mortality rate in the excluded patients with class III or IV shock requiring 
immediate surgical intervention and cases of neurological condition or deterioration needing 
immediate neurosurgical intervention without any further diagnostic delay and patients with 
suspected or known pregnancy. The mortality rate in this group patients was 28%. The overall 
mortality rate might, if we add these numbers to the dataset, come closer to the MTOS. 
Besides to the too pessimistic predicted survival rates, the significant difference in the predicted 
and observed survival rates can also be explained by the improved care in our population as 
compared to the care of patients described in the MTOS 10. This in turn might be explained by 
our use of better diagnostic tools, like routine thoracoabdominal CT, resulting in more specified 
diagnoses and thereby enabling a more dedicated care. Recently, Huber and Wagner already 
tried to demonstrate an improved outcome due to routine CT in a large retrospective study 16. 
They concluded that the use of whole body CT increases the probability of survival in poly 
trauma patients. However, it might be argued that the discrepancy between the predicted and 
the actual survival rate in their study was not caused by an improved diagnostic algorithm 
(i.e. routine CT), but rather by the fact that the use of routine CT resulted in an increase of ISS by 
diagnosing more injuries, which will consequently result in an underestimation of the predicted 
survival rates. This is founded by the results of our present study. To demonstrate the influence 
of routine CT on the outcome of blunt trauma patients definitively, large prospective random-
ized trials are additionally needed in the future.
Finally, the improved outcome of our populations as compared to the MTOS might be explained 
by the ongoing evaluation of damage control surgery and the improved care of current intensive 
care units, as well as the procedure of logistics and an improved prehospital care 24. For instance 
in the Netherlands, distances to well equipped level II hospitals or level I trauma centers are rela-
tively short and 24/7 helicopter emergency medical services are provided in cases where patients 
require special assistance, for instance full anesthesia and intubation. 
Although the results of our study seem to be important in the interpretation of outcome data 
concerning blunt trauma patients, some limitations of our study should be addressed. First of 
all, the estimation of the performance of conventional radiography and CT was not done inde-
pendently of clinical information. Radiologists were not blinded to this information. In our 
clinic, surgeons and radiologists work in close cooperation; the radiologist is present in the 
trauma bay during resuscitation. However, because of the purpose and design of our study, 
this was not considered a major problem. Secondly, we eliminated hindsight bias as much as 
possible by insisting that clinicians and radiologists thoroughly assess conventional radiography 
before CT was performed. However, in the middle of the night, no investigator was present 
to protect and ensure the prospective nature of selective CT classification, and clinicians and 
radiologists were trusted with respect to their reports. This might have induced hindsight bias 
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in the interpretation of radiography and clinical evaluation. In a minority of the cases, this might 
have resulted in misjudgment of physical examination and conventional radiography perfor-
mance and in misclassification of indicated or routine CT. Thirdly, although the indication for 
performing a CT was conducted prospectively, trauma scores of the indication algorithm were 
calculated retrospectively. This might have led to a certain bias. 
Conclusions
Routine thoracoabdominal CT in patients after blunt high-energy trauma leads to the detection 
of more injuries, consequently resulting in higher injury severity scores and a lower predicted 
probability of survival as compared to a diagnostic work-up with a selective use of CT on indi-
cation. Calculated predicted survival by the TRISS methodology does not seem representative 
for the observed survival if thoracoabdominal CT is routinely used. Re-evaluation of current 
trauma scores and survival prediction methods seems mandatory if these are applied to blunt 
trauma populations who undergo routine CT in a standard fashion.
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Chapter 5 
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routIne thoracoabdomInal 
computed tomography In 
blunt trauma patIents
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M. Edwards. Incidental findings on routine thoracoabdominal computed tomography in blunt 
trauma patients. J Trauma Acute Care Surg. 2012 Feb;72(2):416–421.
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5. Incidental findings on routine thoracoabdominal 
computed tomography in blunt trauma patients
Abstract 
Objective
Thoracoabdominal MultiDetector-row Computed Tomography (MDCT) is frequently used as 
a diagnostic tool in trauma patients. One potential side effect of performing MDCT is the 
detection of incidental findings and their subsequent consequences on medical treatment. 
The objective was to evaluate frequency and effects of incidental findings in trauma patients.
Methods
The reports of 1047 consecutive blunt trauma patients (mean age 40 years) who underwent 
routine contrast-enhanced thoracoabdominal MDCT were evaluated. Incidental findings were 
categorized by a trauma radiologist into four hierarchic categories based on their clinical conse-
quences. We recorded additional diagnostic workup and treatment performed in conjunction 
with these incidental findings. 
Results 
Of the 1047 patients, 372 (mean age 56 years, 61% male) had one or more incidental findings 
on thoracoabdominal MDCT.Complementary investigation or therapy was performed in 72 
of these 372 patients; 29 of these patients required additional invasive evaluation or treatment. 
Nineteen patients underwent surgery due to an incidental finding. Nine patients were diag-
nosed with a not previously identified malignancy.
Conclusion
Routine thoracoabdominal MDCT in the evaluation of trauma patients revealed a significant 
number of incidental findings. Based upon radiological findings it is possible to decide whether 
additional follow-up or treatment is necessary.
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Introduction
Thoracoabdominal MultiDetector-row Computed Tomography (MDCT) has become an 
increasingly used method of radiological imaging in the assessment of blunt trauma patients. 
This is mainly due to its high sensitivity and specificity in detecting traumatic injuries. However, 
MDCT also has some important disadvantages, such as increase of radiation exposure and high 
costs. With the increasing use of this highly sensitive imaging modality, trauma unrelated, inci-
dental findings are commonly encountered 1. Patients might benefit from early detection of 
incidental findings; a small malignant disorder can be treated in an earlier phase after detec-
tion whereby the treatment is possibly curative, which may not be the case in a later stage of 
the disease. On the other hand, incidental findings may lead to higher costs in healthcare and 
increased concern by patients because of additional examinations or treatment that may have 
to be performed to exclude or treat a diagnosis 2-4. Literature is available on the workup for inci-
dental findings on MDCTs of the thorax 5, 6, the abdomen 7, on specific incidental findings, such 
as of the thyroid 8 and on specific patient populations such as urological 9 and abdominal aneu-
rysm 10 patients. In addition, several studies have evaluated the frequency of incidental findings 
in trauma populations 1, 11-15. In a study, involving abdominal MDCT in trauma patients, Ekeh et 
al reported incidental findings in 35% of patients 14. Munk et al conducted a retrospective chart 
review of 500 patients who had received head, chest or abdominal/pelvis MDCT scans in case 
of trauma and report a prevalence of 15% for incidental findings in the scans 15. Paluska et al 12 
published a report on the frequency and clinical importance of incidental findings on thora-
coabdominal MDCT in trauma patients. In a retrospective study, they discovered 289 (34%) 
incidental findings on the MDCT of 848 trauma patients, of which 36 cases (13%) deserved 
immediate attention prior to discharge; 108 cases (37.4%) required follow-up within 1-2 weeks. 
More recently Hoffstetter et al 11 conducted a similar retrospective study and found that 153 
(50%) of 304 multi-trauma patients had additional non-trauma-associated findings. In twenty 
patients (6.6 %) it concerned lesions with high clinical relevance; in 71 patients (23.4%) the find-
ings were of moderate relevance. Barrett et al 1 performed a retrospective protocol chart review 
that gave similar results. However, these studies often included retrospectively collected patient 
samples or unclear inclusion criteria which might have induced selection bias. In addition, most 
studies lacked information on the impact of incidental findings as clinical consequences of inci-
dental findings were not evaluated.
The aim of this study was to evaluate both the prevalence and clinical consequences of incidental 
findings on routine thoracoabdominal MDCT in a consecutive, prospectively collected cohort 
of blunt, adult trauma patients. 
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Materials and methods
Patient selection and data collection
For this study we used prospectively collected data from a study conducted at our institution 
that was designed to evaluate the value of routine versus selective MDCT of the chest, abdomen 
and pelvis in blunt trauma patients 16. The results of the additional value of MDCT are described 
in previously published manuscripts 17, 18, 19, 20. In this study, approved by the institutional review 
board, radiological and clinical data were collected from patients presented for primary care 
at the emergency department of our Level I trauma center. All blunt trauma patients aged 16 
years and older were included in a high-energy trauma protocol. In a three-year period, 1047 
consecutive blunt high-energy trauma patients who underwent thoracoabdominal MDCT were 
prospectively included. The median age of the cohort study was 37 years, with a male majority 
(69.8%) and a mean Injury Severity Score (ISS) of 17. All MDCT examinations were imme-
diately evaluated and documented by a radiological resident, directly supervised by a trauma 
radiologist. Both traumatic injuries and incidental findings were recorded from clinical and 
radiological reports and documented in a database by two investigators.
Imaging studies 
The routine MDCT protocol was executed on a Somatom Sensation 16 data channel MDCT with 
automated tube current modulation (Siemens Medical Systems, Erlangen, Germany) located in 
the emergency department. MDCT of chest, abdomen and pelvis was performed from acro-
mioclavicular joint to lesser trochanter. One hundred milliliters of iodinated contrast material 
(Xenetix 300, Guerbet) was injected. A single phase contrast-enhanced CT was performed. The 
thickness of reconstruction was 3 mm for soft tissue, lung and bone reconstruction kernel, with 
an increment of respectively 3, 3 and 1.5 mm. 
Data analysis
Incidental findings excluded were defined as previously known diseases, degenerative osseous 
diseases, stenotic atherosclerotic vessel disease, congenital defects and signs of earlier oper-
ation (e.g. osteosynthesis devices, operation clips, tuba ligation clips, brachytherapy devices, 
meshes, status after bowel resection, splenectomy, breast implants with or without calcifica-
tions). These were considered to be clinically known, and were therefore excluded from the defi-
nition of incidental findings in accordance with previously published studies 6, 12. The cervical 
spine region, which was partially included on chest MDCT, was not evaluated in this study. The 
incidental findings of the cervical spine, e.g. thyroid cysts and multi nodular goiter, are there-
fore not reported in this study. The presence of incidental findings on the thoracoabdominal 
MDCTs were determined from the radiological report. MDCTs that showed incidental find-
ings were reviewed by an unblinded trauma radiologist. Incidental findings were categorized 
according to their suspected implications by the radiologist solely on the radiological findings, 
without knowledge of the final diagnosis. Clinical consequences were defined as the direct 
actions actually undertaken based on the incidental findings. These actions included additional 
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Category I mass shown
Category II abnormality suggesting severe disease
Ascites, hydronephrosis, aneurysm abdominal aorta > 5cm, aneurysm 
thoracic aorta >6cm, enlarged ovary (cyst >3 cm in post menopausal 
women), irregular prostate suspicious for malignancy, pulmonary consoli-
dation, pericardial fluid, pancreatitis, cardiac decompensation.
Category III interpretation of abnormalities in relation to patient’s symptoms
Liver enlargement (length > 15 cm), spleen enlargement (length > 12 cm), 
gallbladder abnormalities, common bile duct dilatation without history of 
cholecystectomy; gall-, renal, and urethral stones; fatty liver infiltration, 
small liver, aneurysm abdominal aorta < 5 cm, aneurysm thoracic aorta 
< 6 cm, small kidney as consequence of a origin stenosis of a renal artery, 
renal atrophy due to nephritis, adrenal adenoma, aneurismal disorder left 
ventricle, diaphragmatic hernia, inguinal hernia, peri-umbilical hernia, 
esophageal varices, hydrocele funiculi, retracted testicle, uterus myomatosis, 
slight mesenterial or mediastinal lymphadenopathy, abnormalities of the 
lung parenchyma (emphysema, bullae, fibrosis, blebs); pulmonary nodules 
(< 1 cm); pleural plaques, cardiomegaly and pelvic lymphocele
Category IV radiologically benign abnormalities
Liver or renal cysts, small ovary cysts (< 3 cm) in postmenopausal women, 
small breast cysts, small pericardial cyst, small hemangioma in the liver or 
spleen, small angiolipoma in the kidney, gallbladder polyps, common bile 
duct dilatation in patients with a history of cholecystectomy, calcifications in 
the liver or spleen, calcifications in the prostate, thinning of the renal cortex 
in older patients, thinning of the pancreas in older patients, fatty changes of 
the pancreas in older patients, horse-shoe kidney, ectopic kidney, diver-
ticulosis coli, diverticuli of stomach/duodenum/bladder/esophagus and 
physiological free fluid after ovulation..
Table 1. 
Incidental findings at MDCT of thorax and abdomen listed per category
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outpatient controls, additional non-invasive diagnostics (such as additional blood tests or 
repeated ultrasonography, X-rays, MDCT or MRI), more invasive diagnostics (for instance 
radiologically-guided punctures or endoscopy) or definitive treatment ranging from giving 
medication (non-invasive) to surgery (invasive). One investigator, with clinical experience 
in surgery, retrospectively collected these clinical consequences by using the hospital elec-
tronic patient record system, medical charts and information obtained from the family doctor. 
Follow-up, used as clinical reference standard, was at least six months. Final diagnoses of patients 
were extracted from surgery and pathology reports, additional diagnostic workup reports and 
discharge letters.
Categorizing incidental MDCT findings
Incidental MDCT findings were divided into four hierarchic, non overlapping categories, based 
on clinically suspected consequences (see Table 1). A category I abnormality meant that a mass 
was found on MDCT. This was considered suspicious of a primary tumor or metastasis. Cate-
gory II comprised other incidental findings suggestive of severe disease that always required 
further workup. Category III incidental findings consisted of abnormalities that required inter-
pretation in relation to the patient’s symptoms and abnormalities on physical examination that 
could require therapy, watchful waiting, or no further workup. Category IV included MDCT 
examinations with incidental findings exhibiting a radiologically benign character, generally not 
requiring further workup or therapy. 
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Table 2. 
Incidental findings divided into four hierarchic, non-overlapping categories
Number of patients Mean age
Category I 12 65 (range: 45-86)
Category II 25 59 (range: 20-81)
Category III 163 56 (range: 16-93)
Category IV 172 54 (range: 17-95)
No incidental finding 675 32 (range: 16-86)
Total 1047
Categories were defined as follows: category I: mass shown; category II: abnormality suggesting severe 
disease; category III: interpretation of abnormalities in relation to patient’s symptoms; category IV: benign 
abnormalities.
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Results
One or more incidental findings were found in 372 patients (35.5%). In 74 patients incidental 
findings were discovered on thoracic MDCT, 298 (80.1%) patients had incidental findings on 
abdominal MDCT. Most patients with incidental findings were male (n=228, 61.3%). Mean age 
of the patients in whom incidental findings were detected was 56 years (range: 16-95). The group 
without incidental findings had a mean age of 32 years. The univariate odds ratio for detecting 
an incidental finding on MDCT in trauma patients of 50 years and older is 6.21 (95% confidence 
interval, 4.49-8.59).
All incidental findings arranged according to the four hierarchic categories are displayed in 
Table 2. Patients in category I, (presence of a mass, n=12) had a mean age of 65 years. In this 
category a mass was found on MDCT. The nature of the incidental findings in this category, 
the performed intervention and the final diagnosis are outlined in Table 3. According to the 
pathology reports of these 12 patients, 8 masses were malignant, 2 were benign, one showed a 
borderline tumor and one was an abscess. Table 4 outlines the performed interventions/treat-
ments of category II patients (n=25) and their final diagnosis. The most important incidental 
findings were an aneurysm of the thoracic aorta > 6 cm (n=1), an aneurysm of the abdominal 
aorta > 5 cm (n=1), inflammatory diseases like hepatitis (n=1), sarcoidosis (n=1), pericarditis 
(n=1), pancreatitis (n=1), and prostatic carcinoma (n=1). Some examples of these incidental 
findings are shown in Figures 1-3.
Table 5 shows the invasive procedures of category III patients (n=163) and their final diagnosis. 
Only three patients required surgical intervention in this category. Other findings included 
abdominal aortic aneurysms of < 5 cm (n=8), thoracic aortic aneurysms of < 6 cm (n=1), renal 
stones (n=12), gallbladder stones (n=15), splenomegaly (n=8), cardiomegaly (n=7), adrenal 
adenomas (n=15) and benign pulmonary nodules < 1cm (n=10).
Category IV (n=172 patients) included for instance patients with physiologic free fluid after 
ovulation (n=17), small cysts (< 3 cm) of liver, kidney or ovary (n=91), diverticuli coli (n=15) 
and small liver hemangioma (n=17). None of the category IV patients underwent additional 
investigations and/or treatment.
Complementary investigation or therapy was performed in 72 (19.4%) of the patients in whom 
incidental findings were found (7% of total trauma population). All 37 patients in categories I 
and II required further workup because of the suspicion of severe disease (Table 3 and 4). In 
category III, four patients underwent further invasive workup (Table 5), and 31 patients needed 
additional non invasive workup, e.g. an additional MDCT of a specific body region after three 
months, or one or more extra outpatient follow-up visits. Based on definitive diagnosis, the 
prevalence of malignant tumors in the total trauma population was 0.9%. 
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Figure 3. 
A 67-year- old female patient in whom 
a mass in the left lung was found inci-
dentally. In the ventral part of the right 
lung a bulla can be seen. She under-
went a lobectomy. The tumor was a 
squamous cell carcinoma. 
Figure 2. 
A 61-year-old male patient in whom a 
mass of the right kidney was identified 
during initial diagnostic work-up after 
trauma. After nephrectomy the pathol-
ogist diagnosed a renal cell carcinoma 
Figure 1. 
A 58-year-old male patient in whom a 
mediastinal tumor was found inciden-
tally during MDCT workup. A malig-
nant neurogenic tumor was removed 
during thoracotomy.
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Overall, 43 of the 72 patients with incidental findings underwent non invasive complemen-
tary tests or examinations, or follow-up with one or more outpatient visits. The remaining 29 
patients had lesions that required more invasive treatment like bronchoscopy (n=4), gastros-
copy (n=1), percutaneous nephrostomy (n=1), intravenous pyelogram followed by shockwave 
therapy (n=1), rectal fine needle aspiration biopsy (n=2) and pericardial puncture (n=1). Ulti-
mately nineteen patients were treated by surgery, seven of who had benign findings on patho-
logic examination. MDCT findings in three of these surgically treated patients are illustrated in 
Figure 1-3.
Four patients were lost to follow-up, and five patients died before follow-up examinations could 
be performed. The patients lost to follow-up required investigations for an adnexal, a pulmo-
nary and a hepatic (n=2) disorder. The deceased patients had incidental findings of lungs (n=2), 
spleen, liver or abdominal aorta. All these incidental findings were category III. 
During follow-up, one “missed” incidental finding was identified. This patient presented, three 
months after the initial trauma, with elevated liver enzymes at blood analysis. Consequently a 
liver biopsy was performed, showing focal nodular hyperplasia. During the resuscitation after 
trauma, only liver cysts were detected on the single-phase contrast-enhanced MDCT.
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Table 3. 
Incidental findings of category I (mass shown), the performed interventions and the final 
diagnosis (n=11).
Incidental finding Performed intervention Final diagnosis
Renal mass (2) Nephrectomy (2)
Renal cell carcinoma (1)
Chronic inflammation, sclerosis, 
fibrosis (1)
Mediastinal mass (2) Thoracotomy (2)
Neurogenic tumor (1)
Irresectable esophageal 
cancer (1)
Mass upper abdomen (1) Open colectomy Adenocarcinoma
Pulmonary mass (2) Open lobectomy (2) Squamous cell carcinoma (2)
Ovarian mass (1) Open adnexal extirpation Dermoid (left adnex) and borderline tumor (right adnex)
Splenic mass (1) Open splenectomy Multiple abscesses
Thoracic wall mass (1) Excision Lipoma
Mass gallbladder (1) Open cholecystectomy Gallbladder carcinoma
Liver metastasis (1) Laparotomy Irresectable colon tumor with liver metastasis
Numbers between parentheses indicate the number of incidental findings/performed interventions/final 
diagnoses. 
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Discussion
In this study in which 1047 blunt high-energy trauma patients were evaluated using thoracoab-
dominal contrast-enhanced MDCT, one or more incidental findings were found in one-third of 
the patients (35.5%). These findings were more prevalent in the older and male patient. Most 
of the incidental findings were categorized in advance as not needing further workup. A small 
minority of the patients with incidental findings was suspicious for severe disease and needed 
further diagnostic workup or treatment. Eventually 5% of the patients with incidental findings 
underwent surgery. A not previously identified malignancy was found in nine patients, being 
0.9% of the total trauma population. Our study population of patients with high-energy trauma 
has a mean age of 40 years, which can be perceived as relatively young and healthy. Incidental 
findings were mainly present in the older trauma patient, with a mean age of 56 years. From this 
perspective, it is likely that with increasing age, the number of incidental findings will increase. 
Although previous studies showed comparable data, they often included retrospectively 
collected patient samples or unclear inclusion criteria which might have resulted in selection 
bias. In addition, most studies lacked information on the impact on medicalization of incidental 
findings as clinical consequences of incidental findings were not evaluated.
Our prospective collected dataset of 1047 consecutive thoracoabdominal MDCTs in blunt high 
energy trauma patients, showed one or more incidental findings in 372 patients. Almost 20% 
of these patients with incidental findings required complementary actions. Nevertheless, this 
should not deter the physician on the Emergency Department to relinquish the low-threshold 
use of MDCT in case of blunt high-energy trauma. 
The procedure to pursue in case of incidental findings is often unclear. In times of increasing use 
of MDCT in the resuscitation of trauma patients, questions arise on how to deal with incidental 
findings. Trauma care is based on rapid diagnosis and treatment. Most injuries do not lead to 
permanent disability or the need for long term follow-up. Non-traumatic diagnoses more often 
require a less aggressive approach. In our series however, 6.9% of the trauma patients neces-
sitated complementary actions. In the somewhat rushed setting of trauma care, communica-
tion concerning incidental findings can be suboptimal. Also, discharge summaries that should 
describe the incidental finding(s) are particularly lacking in the category where no further treat-
ment or analysis was performed. These omissions can result in additional, and thus unneces-
sary, future examinations because the incidental findings were unknown to subsequent treating 
consultants. An increase in the quality of documentation decreases the failures in follow-up and 
prevents future uncertainty. A clear advice should be given by the reporting radiologist on how 
to proceed in case of an incidental finding. The multidisciplinary trauma team should set-out 
the guidelines indicating who is responsible for the follow-up, and how this should be executed.
One can dispute whether or not the discovery of incidental findings is a positive evolution. 
A possible advantage is the treatment of a disease discovered in an earlier stage. 
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Table 4. 
Incidental findings of category II (suggesting severe disease), and the performed interventions 
and the final diagnosis (n=25).
Incidental finding Performed intervention/treatment Final diagnosis
Ascites (3) Puncture ascites (1)
Complementary blood test (2)
Hepatitis (1)
Cirrhosis of liver (2)
Hydronephrosis (2) Percutaneous nephrostomy (1)
Intravenous pyelogram, following 
shockwave therapy (1)
Urethral stricture (1)
Pyelum stone (1)
Aneurysm abdominal aorta 
> 5 cm (1)
Deceased before intervention
Aneurysm thoracic 
aorta > 6 cm (1)
Endovascular repair Thoracic aneurysm
Ovary cyst > 3cm (5) Uterus, adnexal extirpation (1)
Observation, trans vaginal ultraso-
nography (4)
Cystadenoma (1) 
Functional benign cysts (4)
Irregular prostate suspect for 
malignancy (3)
Laparoscopic prostatectomy (1)
Fine needle aspiration biopsy (2)
Prostatic carcinoma (1)
Benign cytology (2)
Pulmonary infiltrate (6) Bronchoscopy (4)
Antibiotics, repeat X-rays (2)
Granuloma (2)
Sarcoidosis (1)
Pneumonia (1)
Pneumonia (2)
Pericardial fluid (1) Puncture pericardium Pericarditis
Pancreatitis (1) Cholecystectomy a froid Biliary pancreatitis
Cardiac decompensation (2) Diuretics (2) Cardiac decompensation (2)
Numbers between parentheses indicate the number of incidental findings/performed interventions/final 
diagnoses. 
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However, disadvantages of these incidental findings and their management are psycholog-
ical stress to the patient, additional costs for the healthcare system and the extra, sometimes 
unnecessary, invasive or non-invasive, examinations and treatments a patient must undergo 2, 9. 
Consequently, without the use of MDCT these findings would not have been discovered, nor 
would these patients have been treated. Although incidental detection of previously unsuspected 
pathology may benefit some patients, others will be subjected to needless anxiety and testing for 
what will ultimately turn out to be clinically insignificant lesions or false-positive results. 
There are several limitations to this study. Although the radiological data were prospectively 
collected, MDCT was performed because of trauma and therefore the focus of the radiologist is 
on traumatic injuries and not on other anomalies. Another underestimation may result from the 
use of intravenous contrast during one phase MDCT in trauma, thereby increasing the possi-
bility to miss solid tumors in solid organs, such as in the patient with focal nodular hyperplasia 
of the liver. Furthermore, the clinical consequences were analyzed retrospectively, therefore it 
is possible that patients underwent further investigations and treatment but that this was not 
adequately documented. 
In conclusion, routine MDCT in the evaluation of trauma patients reveals a significant number 
of incidental findings (35.5%), and then more often in the older patient. However, for the 
majority of patients no further investigation or follow-up is needed after MDCT. Four percent 
of the total trauma population required invasive examination or treatment. This should not 
impede the low-threshold use of MDCT in blunt high-energy trauma patients. Nonetheless, 
the trauma team should adequately communicate incidental findings to ensure the required 
treatment or follow-up. 
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Table 5. 
Invasive interventions in four patients with category III incidental findings (interpretation of 
abnormalities in relation to patient’s symptoms).
Incidental finding on MDCT Invasive treatment Final diagnosis
Lymphadenopathy Lymph node and bone marrow biopsy
Sinushystiocytosis (no signs of 
lymphoma)
Pleural disorder Partial lobectomy Organized pneumonia
Mediastinal lymphadenopathy Thoracotomy Inflammation (no malignancy)
Diaphragmatic hernia Gastroscopy Barrett esophagus
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Chapter 6 
Thoracoabdominal 
cT Screening 
in Trauma paTienTS: 
a coST-concequenceS 
analySiS
Based on: R. van Vugt, D. Kool, M. Brink, H. Dekker, J. Deunk, M. Edwards. Thoraco-abdo-
minal CT Screening in Trauma patients: a cost-concequences analysis. Accepted Trauma 
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6. Thoracoabdominal CT Screening in Trauma patients: a 
cost-concequences analysis.
Abstract
Purpose
This study was performed to evaluate cost-consequences for different diagnostic strategies using 
thoracoabdominal CT in primary evaluation of adult, high-energy blunt trauma patients. 
Methods 
We compared three different algorithms in which CT was applied as an immediate diagnostic 
tool (rush CT), diagnostic tool after limited conventional work-up (routine CT) and as selective 
tool (selective CT). Probabilities of detecting and missing clinically relevant injuries were retros-
pectively derived. We collected data on radiation exposure and performed a micro-cost analysis 
on reference-case based approach. 
Results 
Rush and routine CT both detected all thoracoabdominal injuries in 99.1% of the patients 
during primary evaluation (n=1040). Selective CT missed one or more diagnoses in 11% of the 
patients, in whom a change of treatment would have been necessary in 4.8%. Rush CT algorithm 
costed €2676 per patient with a mean radiation of 26.40 mSv per patient. Routine CT costed 
€2815 and resulted in the same radiation exposure. Selective CT resulted in less radiation (23.23 
mSv) and costed €2771. 
Conclusion 
Rush CT seems to result in least costs and is comparable in terms of radiation exposure and 
diagnostic certainty with routine CT after a limited conventional workup. However, selective CT 
results in less radiation for only slightly higher costs.
Keywords 
Costs and Cost Analysis
Wounds and Injuries
Tomography, X-Ray Computed
Thorax
Abdomen
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Background
In trauma care it is imperative to detect potentially life-threatening injuries as quickly and effec-
tively as possible. Outcomes in terms of morbidity and mortality seem to improve if a uniform, 
standard protocol of rapid evaluation and treatment of trauma patients is used 1-4. For this 
reason, in many centers the Advanced Trauma Life Support (ATLS®) principles are advocated 
for a protocolized initial evaluation. ATLS® advises the use of conventional radiography (CR), 
focused abdominal sonography in trauma (FAST) and Computed Tomography (CT) depending 
on the patient’s status, although it is reserved with usage of CT. CT in trauma has been shown 
to be superior to CR and FAST in detecting and excluding traumatic injuries 5. Moreover, there 
seems to be an additional effect on treatment strategy as well 6. However, drawbacks of CT are 
exposure to ionizing radiation 7, costs, possible unnecessary medicalization and loss of time 
and consequently potential treatment delay due to transport to the CT room. Besides, intra-
venously administered contrast medium might cause adverse events and incidental findings are 
frequently detected 8. 
Due to its diagnostic advantages, thoracoabdominal CT is increasingly implemented in 
hospital protocols for the initial evaluation of blunt trauma patients. However, in this era 
of increasing cost-awareness, the pro’s and cons of CT have to be outweighed in a financial 
perspective as well. To our knowledge, no studies exist on the cost-effectiveness of different 
diagnostic strategies using thoracoabdominal CT in the general blunt trauma population. 
The purpose of this study was to evaluate the relevant costs and diagnostic benefits of three 
different CT algorithms in the initial evaluation of thoracoabdominal injuries in high-energy, 
blunt trauma patients. 
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Methods
Diagnostic algorithms
Based on a reference-case based approach of previous studies and recent literature 1,6,9,10,11, we 
developed three hypothetic algorithms for radiological evaluation of blunt trauma patients 
(Figure 1). Algorithms that were investigated included two low-threshold algorithms in 
which thoracoabdominal CT is obtained in all patients and one higher threshold algorithm 
with a selective CT usage. In the first algorithm, all patients receive a thoracoabdominal CT 
immediately after patient evaluation and stabilization without prior CR/FAST (Rush CT). 
In the second algorithm, all patients receive thoracoabdominal CT after limited conventi-
onal work-up consisting of CR chest/pelvis and FAST (Routine CT). In the third algorithm, 
patients undergo thoracoabdominal CT only if one or more criteria for chest CT and/or abdo-
minal CT are met (Selective CT). In this final algorithm, CR of the thoracic and/or lumbar 
spine will be performed only in case none of the other CT criteria for the specific CT scans are 
fulfilled (Appendix A) 10,11. CT head and cervical spine were not considered in this analysis. 
We built a strategic decision tree by using TreeAge 2009 Suite software (TreeAge Software Inc, 
Williamstown, MA, USA), in order to investigate the different diagnostic algorithms. 
Study sample and setting
The three different algorithms were retrospectively tested on data collected in a population of 
1040 consecutive adult blunt trauma patients from a single-center prospective cohort study at 
a level 1 trauma center (clinical trial registration no. NCT00228111, http://www.clinicaltrials.
gov/; see Appendix B). All patients underwent physical examination according to ATLS®, 
laboratory investigations, CR chest/pelvis and complete spine, FAST, and CT cervical spine, 
chest, abdomen and pelvis. Head CT was performed on indication (Appendix A) 12. During 
this study period a 16 data channel multidetector row CT with automated tube current modu-
lation (Siemens Medical Systems, Erlangen, Germany) was used. Diagnostic protocols of 
radiological investigations are provided in Appendix C. Based on interpretations of CR, FAST, 
and CT, the trauma team started or changed patient management as needed. Follow-up was 
for 6 months. All patients’ charts were re-reviewed to establish whether initially missed inju-
ries had manifested over time. These data had all been prospectively recorded and imputed in 
a customized database. 
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Figure 1. 
The three different algorithms utilizing CT in the diagnosis of thoracoabdominal injuries that 
were investigated in this study. 
All trauma patients undergo CT A selected sample of patients undergoes CT
1: Rush CT                    2: Routine CT        3: Selective CT
Arrival
Emergency
Department
Arrival
Emergency
Department
Arrival
Emergency
Department
Physical
Examination
Physical
Examination
Physical
Examination
Head
CT C-spine
Thorax-abdomen 
CR Chest
+ FAST
CR Chest
+ Pelvis 
+ FAST
Head
CT C-spine
Thorax-abdomen
Clinical critiria
Thorax-abdomen 
CT? #
CT Thorax-
abdomen
+/- C-spine head*
CR TL-spine
Abdomalities? ##
CT Thorax-
abdomen
+/- C-spine head*
No indicationCT 
Thorax-abdomen
* Patients with one or more criteria for head CT (Appendix A); Patients with positive NEXUS criteria or 
who met Canadian C-spine rules or patients in whom criteria for other CT scans are met 10,11
# Clinical criteria for CT thorax-abdomen see appendix A
## Suspicion for a fracture or spinal malalignment
TL-spine = thoracolumbar spine; C-spine = cervical spine
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Outcomes
Primary outcome of the present study were financial costs from a hospital perspective for each 
algorithm during initial patient evaluation and diagnostic work-up at our emergency ward. 
Additional outcomes were ionizing radiation exposure in each algorithm. These outcomes 
were compared with the previously published diagnostic value of each algorithm 6,9. 
Financial costs
We calculated financial costs on the Emergency Department from a hospital perspective by 
using a micro-cost approach according to Dutch guidelines for economic research in health 
care 13. We collected information on financial costs during a time horizon including primary 
evaluation and diagnostic work-up of a trauma patient at the emergency department. This 
included information on staff, material, equipment, supporting departments, and overhead. 
Integral costs of these resources were calculated as product of the volume of resources per 
patient and their unit costs. We thereafter calculated incremental costs for each algorithm. 
All costs were reported in Euros for the year 2011. If no information on costs in this year was 
available, costs were collected from previous years and corrected for inflation by using the 
Dutch consumer health index (available at: statline.cbs.nl). 
Unit resources 
Time durations
For cost calculations on staff and facility space occupation, we used prospective time measu-
rements that had been performed by one investigator who was not involved in patient care. 
The results of these time measurements (convenience sample, n=57, median time needed 
to complete CT 28 minutes (range 16-63 min)) have been partially published previously 6,9. 
For further cost calculations, we made the following assumptions: 1: CR and FAST can be 
performed during primary evaluation and do not increase evaluation times. 2: Evaluation and 
diagnostic work-up keeps trauma team members (nurses, residents, radiographers, medical 
staff) involved in the evaluation occupied until the patient has been transported out of the 
CT room. 3: Mean time to review and report chest CT including thoracic spine is 10 minutes, 
mean time to review and report abdominal CT including lumbar spine is 15 minutes. 
Personnel units
Depending on the severity of injuries, different staff combinations are needed per evaluation 
and diagnostic work-up. We abstracted the proportion of patients from our database in whose 
evaluation neurologic staff, anesthesiology staff and intensivists were needed. We assumed 
that 2 nurses, 1.5 radiographers, 1 anesthesiology technician, 1 resident in surgery, emergency 
medicine, neurology, radiology and anesthesiology are occupied until complete evaluation 
and diagnostic work-up are completed. We furthermore assumed that 1 trauma surgeon and 
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Table 1. 
Financial cost estimates and probabilities per patient in the reference case, from a hospital 
perspective. Costs were derived from a micro-cost analysis and are represented in Euros 
(2011).
Rush 
CT algorithm
Routine 
CT algorithm
Selective 
CT algorithm
Disposables 215 215 215
Laboratory 
investigations 84 84 84
Staff 1422 1557 1498
Housing 352 309 290
Overhead 620 683 713
Diagnostic equipment 
(FAST, CR and CT), 
and contrast
50 96 90
Total 2743 2945 2890
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radiologist are not longer occupied than half of complete work-up time. Occupation of super-
vising staff not present during complete evaluation and diagnostic work-up in our hospital 
was estimated to be 5 min for anesthesiologists, intensivists, and neurologists. 
Material units
Because patient-specific adjuncts, such as material for intubation, chest drainage, stomach 
drainage, and pelvic stabilization are only used in a subselection of patients included in this 
analysis, we collected the frequency of use of these devices from our customized database.
Unit costs
Staff costs per hour were calculated according to the Dutch economic analysis guidelines 13. 
We calculated these costs for supervising staff, residents and nurses/radiographers/anesthe-
siology technicians based on employee costs. Costs were based on wages in university medical 
centers in the Netherlands 2011. 
Equipment costs included costs of CR including radiography system, analog-to-digital 
converter, digital working stations, sonography machine, and CT scanner. Costs for radio-
logical examinations were calculated based on purchase price and Value Added Tax (VAT), 
which were adjusted to price index for health care. This income was calculated deprecia-
tion and interest costs per year. Added were maintenance costs including VAT per year. Total 
equipment costs were divided by the number of examinations performed each year on each 
machine. Costs of intravenous contrast material in general and patient–specific adjuncts were 
based on real cost prices. Costs of laboratory diagnostics were based on real cost data (2003; 
available at www.cvz.nl) corrected for inflation by using the Dutch consumer health index. 
Facility space costs involved trauma room and CT suite. The rush CT algorithm, used a hypo-
thetical larger surface space area of the CT room, because of the need for more space in 
the CT room during evaluation and for the benefit of potential acute interventions, than for 
routine and selective CT strategies (90 m2 instead of 71 m2). Overhead costs were calculated 
35% of personnel and material care costs. 
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Table 2. 
Radiation dose estimates in the reference case. 
Effective Dose (mSv) 
Minimum (45 kg) Maximum (100 kg) Mean (74 kg)
CR chest AP 0.022 0.035 0.026
CR pelvis AP 0.369 0.574 0.260
CR thoracic spine AP 
and lat
0.210 0.301 0.153
CR lumbar spine AP 
and lat
0.398 0.623 0.515
CT brain 1.50 3.00 2.00
CT cervical spine 2.20 6.00 3.00
CT chest 5.67 16.03 8.81
CT abdomen 7.95 22.50 12.85
CT thorax-abdomen 12.56 35.55 19.5
Table 3. 
Financial costs and radiation exposure of three different diagnostic strategies utilizing thora-
coabdominal trauma CT in adult blunt trauma patients.
Algorithm Rush CT Routine CT Selective CT
Costs per patient (€) 2676 2815 2771
Incremental costs per patient (€) NA 139 95
Mean radiation per patient (mSv) 26.40 26.69 23.23
For definitions of algorithms, see Figure 1. 
NA: not applicable (reference group for incremental cost calculation)
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Radiation exposure
We calculated the radiation exposure of each of CR investigations used in the evaluation of 
blunt trauma patients for three different patient configurations (see Appendix C). This was 
performed by a phantom study for three representative patient configurations, followed by a 
calculation to access the effective radiation dose (see Appendix D). 
Effective radiation doses (mSv) of chest, abdominal and thoracoabdominal CT were calculated 
using different protocols and a random sample of 200 patients. We calculated the radiation 
dose for these patients and subsequently established a mean per patient for each algorithm 
(see Appendix D). 
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Results
Demographics
In the original population of 1040 patients, seventy percent (n=729) was male. Mean age was 
37 years, median ISS was 14 (mean 17, range: 0-75). Mortality after 6 months was 5.5%. Of 
all 1040 patients, 589 (57%) had injuries on thoracoabdominal CT, 502 (48%) of them had 
chest and 309 (30%) had abdominal injuries. In 99.1% of patients, all injuries were initially 
detected by thoracoabdominal CT. In 9 of the 1040 patients, 12 injuries that were initially 
missed by thoracoabdominal CT, were detected during laparotomy for other reasons or during 
follow-up: a bowel perforation (n=4) and injuries to the liver (n=2), pancreas (n=2), bladder 
(n=1), spleen (n=2) or diaphragm (n=1). During initial evaluation, all patients were venti-
latory and hemodynamically stable, or responded well to primary resuscitation (e.g. fluid, 
endotracheal intubation, chest-tube placement), because otherwise patients were excluded 
from the study. All patients underwent both conventional work-up and CT. 
Diagnostic value
According to the algorithms, all patients in both rush and routine CT algorithm received 
thoracoabdominal CT. Therefore, in 99.1% of these patients the injuries would have been 
detected. In the selective CT algorithm, 903 patients fulfilled criteria for thoracoabdominal CT 
and would immediately have undergone CT without previous thoracolumbar CR. The other 
patients (n=137) would have undergone thoracolumbar CR (n=116) and lumbar CR (n=21). 
In this algorithm, 108 patients would not undergo thoracoabdominal CT due to the absence 
of an indication according to the protocol in Appendix A. If all patients had been evaluated 
according to the selective CT algorithm, injuries would have been missed in 11% of patients 
during primary evaluation due to the rejection of thoracoabdominal CT. Missed injuries in 
the selective CT algorithm were predominantly free fluid, Organ Injury Scale 14 I-II injuries of 
the spleen, kidney and liver, adrenal injuries, small acetabular fractures, stable vertebral body 
fractures and transverse process fractures, pneumothoraces, pulmonary contusions, rib frac-
tures, scapular fractures and sternal fractures. Most of these injuries did not result in a change 
of treatment in the original population. These missed injuries in the selective CT algorithm 
would have had an impact on treatment in 4.8% of the total population.
In the selective and routine CT algorithm, based on the original population, several interven-
tions took place after conventional work-up, but before selective or routine CT would have 
been performed. Based on chest CR, 32 patients received chest tube drainage. The perfor-
mance of FAST did not directly result in acute interventions, although the indication for 
laparotomy was made in several cases already before CT. Patients from the original study 
reacted well on primary resuscitation, making it possible to safely undergo CT before additi-
onal definitive treatment (otherwise they would have been excluded from the original study). 
Pelvic CR resulted in an intervention in 17 patients. A pelvic binder was placed in 8 patients; 
2 received pelvic sheet wrapping and in 7 patients a hip was repositioned.
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Median time for physical evaluation in 57 patients was 19 minutes (mean 21 min, range: 7-47 
min), median time for evaluation including CR and sonography was 21 minutes (mean 23 
min, range: 9-47 min). Median time for total work-up (including CT of the head and cervical 
spine) was 77 minutes (mean, 85 min, range: 62-138 min).
Costs
The calculated costs for supervising staff, residents and nurses/radiographers/anesthesiology 
were respectively €106,47, €40,20 and €33,47 per hour. The established equipment cost prices 
per CT were €36,66, for FAST €41,70 and for CR €3,72. For the use of the trauma room and 
CT room we calculated €348.18 per patient. 
Costs for disposables (€215) and laboratory investigations (€84) were the same in all three 
algorithms. Variable costs consisted of costs for diagnostic equipment, staff, housing and 
overhead costs. Total costs calculated for each of the algorithms from a hospital perspective 
were €2743 for the rush CT algorithm, €2945 for the routine CT algorithm and €2890 for the 
selective CT algorithm (see Table 1). The biggest contributions to the total costs were staff 
costs.
Radiation
The calculated radiation dose for a person of 74 kilogram were 0.026 mSv for an anteropos-
terior chest CR, 0.26 mSv for an anteroposterior pelvic CR, 0.153 mSv for anteroposterior 
and lateral thoracic spine CR and 0.515 mSv for anteroposterior and lateral lumbar CR. The 
effective dose estimates for CT of the chest, abdomen and chest and abdomen combined were 
respectively 8.81, 12.85 and 19.5 mSv. Patients with a lower weight had a lower radiation dose, 
patients with a higher weight had a higher radiation dose (Table 2).
Incremental costs and radiation 
After performing strategic decision tree analysis (Table 3), the mean costs per patient for the 
rush algorithm would have been the lowest, being €2676 per patient. Following, the selective 
CT algorithm would cost €95 extra. The most expensive algorithm would be the routine CT 
algorithm, with incremental costs of €139 per patient compared to the rush CT algorithm. 
Mean radiation dosage per patient was statistically significant lower in the selective CT algo-
rithm with 23.23 mSv. The rush CT algorithm resulted in a mean radiation dose of 26.40 mSv 
and the routine CT group in a mean radiation dose of 26.69 mSv. 
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Discussion
In this study, we evaluated the costs of three different algorithms utilizing CT for evaluation 
of thoracoabdominal injuries after blunt high-energy trauma. The most important part of the 
total costs is time and staff-related. The sole use of diagnostic tools is not that expensive. This 
explains why the rush CT algorithm is cheaper. In this algorithm, total diagnostic work-up 
took the least time and consequently less occupying staff. Selective and routine CT algorithms 
will take more time and are consequently more expensive. 
Rush and routine CT algorithms have the same radiation and diagnostic value per patient, 
but costs are in favor of the rush CT algorithm. In this case rush CT seems to have the 
(financial) advantage to routine CT. Routine CT is a simple and clear algorithm, with a short 
work-up with CR and FAST in order to exclude or treat serious problems and can also be 
used safely in less stable patients. In the rush CT algorithm, less stable patients are potentially 
at risk because they go straight to the CT room and CT is not always immediately available. 
Moreover, performing acute interventions in the CT room is potentially more difficult than in 
the trauma room, because mostly the CT room is smaller, has basic equipment and a different 
climate control (focused on best practice for CT scanner). In our study, 32 patients received 
chest tube drainage due to findings on chest CR and 17 patients underwent an interven-
tion based on pelvic CR. Perhaps it is preferable to exclude time sensitive diagnosis with 
CR first and stabilize patients before transfer to CT room. On the other hand, compared to 
rush CT, routine CT algorithm is relatively slow and thus more expensive. Comparing the 
rush CT algorithm with the selective CT algorithm, one can state that rush CT is a clear 
and simple algorithm which deals with less criteria, it is the fastest algorithm, making it the 
cheapest and it is diagnostic the best. On the other hand in the selective CT algorithm less 
CT scans are made, reducing radiation (3mSv) to patients and decrease transport to the CT 
room. However, this algorithm is somewhat cumbersome, it takes more time, making it more 
expensive and has more missed injuries. 
There is still an ongoing discussion whether CT should be performed routinely or should be 
preserved only for selective situations 5,15,16. Costs, time, and radiation exposure have to be 
taken into account to make a deliberate choice. We think that until the rush CT algorithm 
is proven to be safe 15, selective CT is preferred from the viewpoint of radiation reduction 
and the least unnecessary CT examination. Extra costs are limited, and if the algorithm is 
performed more efficient, there is some profit to gain. Extra costs are limited, and if the algo-
rithm is performed more efficient, there is some profit to gain. Besides, extra costs are small 
if seen in the perspective of the total costs of medical trauma care (in the Netherlands 1047 
million Euros each year, 5% of the total health care budget)16.
C
ha
pt
er
 6
   
   
   
   
 Th
or
ac
oa
bd
om
in
al
 C
T 
Sc
re
en
in
g 
in
 T
ra
um
a 
pa
tie
nt
s: 
a 
co
st
-c
on
ce
qu
en
ce
s a
na
ly
sis
.
127
This cost-consequences analysis has limitations. First, the cost-consequences of the three 
different algorithms had been retrospectively determined in the same population 10,11. 
This study was an empiric/reference case based cost-analysis study. However, no sensitivity 
analysis was performed to show how the results depend on the assumptions made 18. It is 
difficult to extrapolate to different countries, depending on demographic, epidemiologic and 
cultural factors, availability and system of healthcare, differences in medical treatment, finan-
cing of health care and absolute and relative price indexes 19. We assume that if personnel 
need less time for patient resuscitation, they will be deployed elsewhere in the hospital. The 
depreciation of the CT depends on how often it is used for other (non-trauma) purposes. The 
CT in our hospital is located in the Emergency Department, but when it is not occupied for 
trauma related purposes, it is also used for other acute and regular programs. This results in a 
high use, which lowers the depreciation. Therefore, caution in extrapolating these findings is 
needed. Finally, it would have been preferable if the improvement in quality of life had been 
used as an outcome parameter in this study. Alternatively, it would have been helpful if the 
financial consequences of missed injuries could have been taken into account. 
In conclusion, we can state that the majority of costs for the evaluation of trauma patients 
in particular consist of personnel costs. Costs for the radiological examinations themselves 
are only a minor part. The investigated three algorithms are close in terms of costs and radi-
ation. The rush CT algorithm is the fastest, consequently the cheapest diagnostic algorithm 
and is comparable in terms of radiation exposure and diagnostics certainty with routine CT. 
However, selective CT results in less radiation for only slightly higher costs. 
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Appendix A
Indications for selective CT after blunt high-energy trauma 10-12
      Criteria for CT of the head
Presence of one of the following major criteria
•	  Pedestrian or bicycle versus vehicle
•	  Ejection from vehicle
•	  Vomiting
•	  Posttraumatic amnesia of (1) > 4 hours and/or (2) at time of presentation at the ED
•	  Clinical signals of a skull fracture
•	  Glasgow Coma Scale ≤ 14 at time of presentation at the ED
•	  Decline of at least 2 points in Glasgow Coma Scale one hour after presentation at the ED
•	  Usage of anticoagulant drugs (coumarine derivatives) or a coagulation disorder
•	  Posttraumatic insult
•	  Focal neurological deficit
Or presence of two or more of the following minor criteria
•	 Fall > 3 m high
•	 Persistent anterograde amnesia
•	 Posttraumatic amnesia of 2-4 hours
•	 Superficial head injuries (excluding the face)
•	 Loss of consciousness
•	 Decline of 1 point in Glasgow Coma Scale one hour after presentation
•	 Age > 40 years 
      Criteria for CT of the C-spine
Presence of one of the following major criteria
•	 Pain in cervical midline
•	 Focal neurological deficit
•	 Painful distracting injury
•	 Intoxication
•	 Decreased consciousness
130
      Criteria for CT of the chest/abdomen 
Presence of one of the following major criteria
     
Clinical criteria
•	 Age ≥ 55 years
•	 Hypotension (systolic blood pressure < 90 mmHg)
•	 Glasgow Coma Scale ≤ 14, tracheal intubation, sedation or intoxication
•	 Abnormal finding during physical examination of the chest (diminished breath 
sounds, subcutaneous emphysema, pain under pressure, extensive hematomas or 
lacerations on the chest)
•	 Abnormal finding during physical examination of the abdomen (pain under 
pressure, distention, abdominal defense, extensive hematomas of lacerations on the 
abdomen) 
•	 Abnormal finding during physical examination of the thoracolumbar spine (pain on 
palpation of the spine, focal neurological deficit, extensive hematomas of lacerations 
on the back)
•	 Clinical suspicion of a pelvic fracture
•	 Macroscopically hematuria
•	 Clinical suspicion of a long bone fracture (femur, tibia, fibula, humerus, radius  
and/or ulna) 
•	 Base excess < -3 mmol/l
•	 Hemoglobin < 6 mmol/l
Radiological criteria
•	 Suspicion injuries on CR of the chest
Lung contusion, hemothorax, pneumothorax, subcutaneous emphysema, 
abnormal mediastinum suggestive for a mediastinal hematoma, suspicion for 
diaphragmatic injury, rib fracture or a fracture of the spine, scapula and/or 
clavicle 
•	 Abnormalities on the CR of the pelvis or FAST
Suspicion injury on CR of the pelvis (fracture of the pelvis or femur, sacro- 
illiacal luxation, symphysiolysis or a luxation of the hip joint)
•	 Abnormalities on FAST
Presence of free fluid, abnormal organs or pericardial fluid on FAST
•	 Abnormalities on CR of the thoracolumbar spine
Suspicion of a fracture or spinal malalignment
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Appendix B 
Inclusion criteria for our blunt high-energy trauma protocol 11
   Inclusion criteria 
    Vital Problems 
 Airway patency
 Breathing problems
 Circulatory problems
 Neurologic problems 
    Physical examination
 Clinically evident fractures ≥ 2 long   
bones
 Clinically evident pelvic ring fracture
 Signs of unstable vertebral fractures 
orspinal cord compression
    Mechanism of injury
 High-energy mechanism of injury as 
declared by prehospital emergency 
medical service
 
 High-energy crush injury to torso
   Exclusion criteria
    CT not feasible/appropriate
 Shock class IIIB/IV
 
 
 Immediate neurosurgical intervention
 Pregnancy
 Dead on arrival
   Definitions
    As declared by anesthesiologist
    Breathing frequency ≥ 30/min
    Heart rate ≥ 120/min
    Systolic blood pressure < 100 mm Hg
    Capillary refill > 4s
    Exterior blood loss > 500mL
    Glasgow Coma Scale ≤ 13
    As declared by attending surgeon
    As declared by attending surgeon
    As declared by attending surgeon
    Fall from > 3m
    Motor vehicle accident ≥ 50km/h
    Ejection from vehicle
    Car rollover
    Cabin shorting ≥ 50cm
    Struck (motor) cyclist ≥ 30 km/h
    Pedestrian vs. motor vehicle ≥ 10 km/h
    Squeezed underneath or between heavy 
    objects
    Pulse rate ≥ 120/min or systolic blood 
    pressure < 100 mm Hg and nonrespondent
    to volume therapy
    As declared by neurosurgeon
    Suspicious by history or AUS
    As declared by attending surgeon
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Appendix C
Parameters imputed in PCXMC dose calculation software (version 1.5.1, STUK _Radiation and 
nuclear safety authority, Helsinki, Finland) for radiation dose calculation of conventional radio-
graphs.
Parameters Small Medium Large
Height (cm) 155 174 195
Weight (kg) 45 73 100
Distance between focus and image 
receptor  (cm)
124 124 124
Distance between patient exit and 
image receptor (cm)a
15 15 15
AP chest
Tube Voltage (kVpeak) 125 125 125
Tube current-time product (mAs) 0.50 0.50 1
Field of view (cmxcm) 43 x 35 43x35 43 x 35
AP pelvis
Tube Voltage (kVpeak) 70 73 73
Tube current-time product (mAs) 20 32 50
Field of view 43 x 35 43 x 35 43 x 35
AP thoracic spine
Tube Voltage (kVpeak) 70 73 73
Tube current-time product (mAs) 12,5 16 32
Field of view (cm x cm) 15 x 43 18 x 43 18 x 43
Lat thoracic spine
Tube Voltage (kVpeak) 77 81 85
Tube current-time product (mAs) 16 32 50
Field of view (cm x cm) 23 x 43 23 x 43 23 x 43
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Parameters Small Medium Large
AP Lumbar spine
Tube Voltage (kVpeak) 73 77 81
Tube current-time product (mAs) 20 32 50
Lat Lumbar spine
Tube Voltage (kVpeak) 81 85 90
Tube current-time product (mAs) 32 50 63
Field of view (cm x cm) 18 x 43 20 x 43 20 x 43
Note – A relatively large distance of 15 cm between patient exit and image was imputed in PCXMC, 
because trauma patients are usually positioned on top of a spine board.
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Appendix D
Detailed explanation of calculation method for radiation exposure (see also appendix C).
The effective radiation dose of each conventional radiographic investigation was calculated in 
a phantom study for three representative patient configurations (a patient of 45 kg and 155 cm, 
a patient of 73 kg and 174 cm, and a patient of 100 kg and 195 cm). Operating parameters for 
each investigation are displayed in appendix C. We measured the external air kerma with a 
semiconductor dosimeter (PTW-Diados, Type 11003-0880, PTW Freiburg, Germany) that was 
placed in the x-ray beam at a distance of 124 cm from the focus. We thereafter calculated the 
dose area-product by taking into account the investigation-specific field of view at the position 
of the dosimeter. We calculated effective dose (expressed in millisieverts (mSv) by imputing 
these measurements, investigation-specific parameters, and data on patient configuration into 
PCXMC dose calculation software (version 1.5.1, STUK _Radiation and nuclear safety autho-
rity, Helsinki, Finland). This program performed a Monte Carlo simulation and calculated effec-
tive doses for all radiographic investigations and for each patient configuration.
Effective radiation doses of CT scanning examinations were calculated for the following CT 
protocols: A thoracoabdominal CT from acromioclavicular joint to lesser femoral trochanter 
(scanning length including overrange: 70 cm), a chest CT scan from the acromioclavicular joint 
to the upper margins of the adrenal glands (scanning length including overrange: 29 cm), an 
abdominal CT scan from the domes of the diaphragm to the lesser femoral trochanter (scanning 
length including overrange 45 cm). These scans were all executed on a 16-detector Somatom 
Sensation scanner with automated exposure control (Care Dose 4D) and a reference tube 
current time product of 200 mAs, a tube potential of 120 kV, a beam collimation of 16 x 1.5 mm, 
and a gantry revolution time of 0.5 seconds. For effective dose calculation of thoracoabdominal 
CT, we used dose length products displayed on the scanners console in a random sample of 
200 patients (mean weight: 74 kg, 95% CI: 45-100 kg, mean height: 174 cm, 95% CI: 155-195 
cm). Dose length products of chest and abdominopelvic CT scans were derived as proportions 
from thoracoabdominal CT dose length products. These proportions were calculated from total 
tube current time products in the chest or abdominal regions (including overlap and overrange 
sections) divided by the sum of tube current time products in the thoracoabdominal region. 
These tube current time products per 3 mm section were derived from DICOM files 20 . We 
finally calculated effective dose per CT scan by multiplying dose length products with a conver-
sion factor of 0.017 mGy for thoracoabdominal CT, chest CT and abdominopelvic CT 21. Effec-
tive doses of cervical spine and head CT scans were derived from the literature.
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Chapter 7 
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blunt trAumA protocol 
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7. An evidence based blunt trauma protocol
Abstract 
Objective 
Currently computed tomography (CT) is rapidly implemented in the evaluation of trauma 
patients. In anticipation of a large international multicenter trial, this study’s aim was to eval-
uate the clinical feasibility of a new diagnostic protocol, used for the primary radiological 
evaluation in adult blunt high-energy trauma patients, especially for the use of CT. 
Methods 
An evidence-based flowchart was created with criteria based on trauma mechanism, phys-
ical examination and laboratory analyses to indicate appropriateness of conventional radi-
ography (CR), sonography and CT of head, C-spine and trunk. To evaluate this protocol, we 
prospectively included 81 consecutive patients. Collected data included protocol adherence 
and number and type of performed CR and CT scans. We also determined time needed to 
perform radiological investigations, adverse events in the CT room and clinically relevant 
missed injuries after one-month clinical follow-up. 
Results
There was 99% adherence to the protocol concerning CT. Seventy-nine patients (98%) received 
one or more CT scans: 72 (89%) had thoracoabdominal, 78 (96%) C-spine and 54 (67%) had 
cranial CT. In thirty patients one or more CT scans of body regions could be omitted. In 38% 
CR was wrongly omitted or performed incorrectly at a variance with the protocol. No major 
adverse events occurred in the CT room and no clinically relevant injuries were missed.
Conclusions
We introduced a diagnostic protocol that seems feasible and safe for the evaluation of adult 
blunt high-energy trauma patients. Implementation of this protocol has the potential to 
reduce unnecessary radiological investigations, especially CT scans. 
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Introduction
Trauma is one of the major causes of death and disability in the world, especially in people 
with an age below 40 1,2. Initial evaluation of trauma patients should lead to rapid, structural 
recognition and treatment of injuries. In addition to physical examination, laboratory inves-
tigations, conventional radiography and sonography, computed tomography (CT) is increas-
ingly used in the primary evaluation of trauma patients 3-5. CT is superior in identifying and 
classifying injuries of the chest, abdomen and spine as compared to conventional radiography 
(CR) and focused abdominal ultrasonography in trauma (FAST) 6-14. However, CT has draw-
backs including high dose ionizing radiation exposure, costs and incidental findings 6,7. In 
addition, CR and FAST may be time consuming in neurologically instable patients. Hence, 
radiological examinations should only be performed if their benefits outweigh their costs. We 
recently developed and implemented a new detailed evidence-based diagnostic protocol for 
radiological imaging during primary evaluation of adult blunt high-energy trauma patients 
in our Emergency Department (ED). For this diagnostic protocol, data from previous studies 
concerning thorax and abdomen have been pooled and combined with national guidelines for 
cervical vertebral column and brain 6,10,12,15. It includes criteria for whether chest and pelvic 
CR, FAST, and CT of the head, C-spine, chest and abdomen should be performed or can be 
safely omitted. 
This study was done in anticipation of a large international multicenter trial, granted by 
ZonMw (national health research program). Inclusion started in April 2011 in six level I 
trauma centers in the Netherlands, Germany and the USA. The pilot study’s purpose was to 
evaluate clinical feasibility of this new protocol by observing protocol adherence and patient 
safety. Protocol adherence was defined as the number of correctly executed CT scans. In a 
lesser extent we also evaluated the amount of appropriately executed CR. Additionally, diag-
nostic safety of the protocol was evaluated by determining whether any traumatic injury was 
missed by the protocol. 
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Methods
Study setting and patient population
We performed a prospective observational pilot study in a university hospital that serves as a 
Level-I trauma centre for an area with a population of approximately 1.6 million people. The 
emergency ward has two trauma resuscitation rooms with an adjacent CT room. Between 
July 1st until September 15th 2010, we included all patients of 16 years or older who were 
primarily evaluated after blunt trauma in our ED and either had a high-energy mechanism of 
trauma (according pre-hospital medical personnel), severe overt injuries or threatened vital 
signs (see Table 1). The trauma team leader assessed inclusion for the diagnostic protocol as 
defined below. In order of patient safety the trauma team leader is always allowed to deviate 
from the protocol.
Diagnostic protocol
All members of the trauma team are present at initial presentation of the patient at the trauma 
bay. These members always include residents in surgery, radiology, anesthesiology and emer-
gency medicine who are supervised by trauma surgeons, radiologists, anesthesiologists and 
emergency physicians, respectively. Neurologists, neurosurgeons and other consultants are 
present on request. All patients first undergo initial physical examination according to the 
ATLS® guidelines 16. This is supervised by the trauma team leader, usually one of the surgical 
members of the trauma team. Patients thereafter follow specific diagnostic investigations 
according to the flow chart in Figure 1. This flow chart consists of six different branches 
dictating different radiological examinations. These include FAST, CR of the chest and pelvis 
in an anteroposterior direction, total body CT (including CT of the brain, C-spine, chest and 
abdomen) or CT of one or more specific body regions. The appendix lists parameters of the 
CT scanning protocols. FAST, CR and CT are interpreted by the resident in radiology with 
at least1 year of experience in radiology or by an emergency radiologist immediately. The 
flow chart contains imaging criteria that were derived from the literature, existing guidelines 
and our own experience 6,9,11,15. Patients who are ABC (according ATLS®: airway, breathing or 
circulation) unstable (respiratory rate < 10 or > 29/minute, oxygen saturation < 95%, pulse 
rate > 100/minute or systolic blood pressure < 100 mmHg) first undergo immediate CR and 
FAST. After stabilization, they undergo total body CT if possible or go the operating room. 
Patients who are ABC stable, but neurologically unstable (Glasgow Coma Scale (GCS) < 8, 
anisocoria or open skull fracture) immediately undergo total body CT without performing 
CR and FAST. All stable patients undergo CR and FAST. The patients who thereafter meet 
criteria for CT scans of one or more specific body regions (see Table 2) undergo CT. These 
criteria are derived from the literature and are based on patient characteristics, mechanism 
of trauma, history, physical examination, CR and FAST findings and laboratory analyses. 
Patients who do not meet criteria for thoracoabdominal CT undergo CR of the thoracic and 
lumbar spine in two directions. If these thoracolumbar CR investigations show traumatic 
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Figure 1. 
Our diagnostic protocol of blunt high-energy adult trauma patients 6,10,12,15. Patients are 
included after they have met the criteria listed in Table 1. Numbers indicate the branch in the 
protocol.
Yes
Yes
Yes Yes
Yes
Yes
No
No
No
No
No
NoNo
Continue
Criteria
CT C-spine
Abnormalities?
No indication
Head CT + C-spine or 
thoracoabdominal**
CR Thoracolumbar
Inclusion blunt
high-energy
trauma protocol
ABC
stable
D
stable
Critiria for
Head CT
Clinical criteria for 
thoracoabdominal
CT 
or abnormalities
conventional
diagnostics
CR chest
FAST
CR pelvis
When stabilized *:
Head CT
CT C-spine
Thoracoabdominal CT
Head CT
CT C-spine
Thoracoabdominal CT
Indication made for
Head CT + C-spine
(perform after indica-
tion made for thora-
coabdominal CT)
CT C-spine +
Thoracoabdominal
CT C-spine +
Thoracoabdominal
CT C-spine
CR chest
FAST
CR pelvis
* These consider optional CT scans: when a patient is too unstable to undergo CT e.g. (cardiopulmonary) resuscitation or 
immediate operation these will not be performed. 
** Unless indication for Head CT + C-spine is made previously
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2
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abnormalities (see Table 2), they still undergo thoracoabdominal and C-spine CT. If these 
additional investigations are normal, thoracoabdominal CT is omitted. After CT is performed 
and interpreted, secondary survey is executed according to the ATLS protocol and treatment 
is changed or continued as needed. All patients are scheduled for follow-up at least after 1 
month as dictated by standard procedures in our hospital.
Data collection 
The trauma team leader prospectively recorded the following items on dedicated forms before 
CT could be started: age and gender, fulfilled inclusion criteria (see Table 2), fulfilled CT scan-
ning criteria (see Table 1), and indicated CT investigations. These items were based on infor-
mation provided by the trauma team members. Two investigators (RvV, 4 years of experi-
ence in surgery and SL, intern) retrospectively collected additional clinical information from 
patients charts to verify prospective data within 72 hours. This information included time 
and date of arrival at the emergency department, vital parameters, findings during physical 
examination, criteria for CT, and information on interruptions or immediate interventions 
at the CT room. In addition, scanning times were retrospectively retrieved from the DICOM 
database IMPAX 6.4 (Radiology information system, Agfa healthcare) in order to measure the 
time interval from arrival on the ED until all radiological examinations as recommended by 
the protocol were performed. If relevant data were inconclusive or missing, involved trauma 
team members were contacted in retrospect within one day. The investigators retrospectively 
reviewed medical charts after one month to check whether 1-month clinical follow-up or 
clinical admission had revealed any missed injuries.
Informed consent
The local medical ethical commission decided that no official approval procedure was needed 
to conduct this study (CMO, University Medical Centre, reference number 2010/048). Because 
included patients were treated according to common practice and this study was considered 
an observational study, the medical ethical board waived the need for informed consent 17.
Endpoints
Primary endpoints of this pilot study were protocol adherence to CT and patient safety. We 
evaluated protocol adherence by comparing the prospectively and retrospectively collected 
scanning criteria and actually followed radiological investigations. Discrepancy between the 
followed diagnostic protocol and the indicated protocol based on the retrospectively collected 
scanning criteria was considered protocol deviation. Reasons for protocol deviation were 
retrospectively collected from involved trauma team members. We defined patient safety to 
be present in the CT room if patients did not decline or did not need immediate intervention 
in the CT room and if CT did not need interruption. Diagnostic safety was considered to be 
present if no relevant injuries of the head, neck and trunk (chest, abdomen, pelvis, cervical 
and thoracolumbar spine) were missed during primary evaluation according to the 1-month 
clinical follow-up in the outpatient clinic. Secondary endpoint was the time needed from 
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Table 1.
Criteria for in- and exclusion in the diagnostic protocol 10,12,14, 
      Inclusion Criteria: (At least one criterion must be met)
Threatened vital signs
•	 Respiratory rate > 30/min
•	 Pulse rate > 120/min
•	 Systolic blood pressure < 100 mmHg
•	 Capillary refill > 4 sec
•	 External blood loss > 500 ml
•	 Glasgow Coma Scale ≤ 12
•	 Wide/unresponsive pupil(s)
•	 Revised trauma score ≤ 12
Specific injuries
•	 Fracture ≥ 2 long bones
•	 Clinical manifest flail chest
•	 Unstable pelvic fracture
•	 Clinical evidence of spinal cord injury
High-energy trauma mechanism
•	 Fall > 3 m high
•	 Car crash > 50 km/h
•	 Car crash > 30 km/h without seatbelt
•	 Ejection from car
•	 Vehicle rollover on collision
•	 Death occupant in same vehicle
•	 Deformation of vehicle > 0.5 m
•	 Pedestrian versus vehicle > 10 km/h
•	 Bicycle/motorcycle versus vehicle > 30 km/h
•	 Deformed helmet
       Exclusion criteria:
•	 Age: < 16 years old
•	 Patient referred from another hospital
•	 Known pregnancyAny patient who is too unstable to undergo a CT scan and requires 
(cardiopulmonary) resuscitation or immediate operation because death is imminent 
(according to the leading trauma surgeon in agreement with the anesthesiologist)
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arrival at the ED until all diagnostic imaging needed in the protocol was performed, including 
transfer from the CT table back on the trauma stretcher. 
Statistical analysis
Types of radiological investigations, protocol deviations, and missed relevant diagnoses were 
expressed as numbers and percentages of all included patients, including ranges or 95% CI for 
proportions. Patient characteristics and investigation times were presented as medians. We 
performed the data analysis using the statistical software package SPSS for Windows, version 
17.0 (Statistical Package for the Social Sciences, Chicago, IL). 
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Table 2.
Criteria and definitions in the diagnostic protocol for evaluation of the blunt high-energy 
trauma patient, based on national guidelines and recent studies. 9,11,13,15,16.33,36,37
      Vital parameters: ABCD-stability 
        (for every definition all criteria should be met)
ABC-stable
•	 Respiratory rate: 10-29/min
•	 SpO2: > 95%
•	 Pulse rate: < 100/min
•	 Systolic blood pressure > 100 mmHg
D-stable
•	 Glasgow Coma Scale > 8
•	 No anisocoria
•	 No open skull fracture
      Criteria for CT of the head 
Presence of one of the following major criteria
•	 Pedestrian or bicycle versus vehicle
•	 Ejection from vehicle
•	 Vomiting
•	 Posttraumatic amnesia of (1) > 4 hours and/or (2) at time of presentation at the ED
•	 Clinical signals of a skull fracture
•	 Glasgow Coma Scale ≤ 14 at time of presentation at the ED
•	 Decline of at least 2 points in Glasgow Coma Scale one hour after presentation at the ED
•	 Usage of anticoagulant drugs (coumarine derivatives) or a coagulation disorder
•	 Posttraumatic seizure
•	 Focal neurological deficit
Or presence of two or more of the following minor criteria
•	 Fall > 3 m high
•	 Persistent anterograde amnesia
•	 Posttraumatic amnesia of 2-4 hours
•	 Superficial head injuries (excluding the face)
•	 Loss of consciousness
•	 Decline of 1 point in Glasgow Coma Scale one hour after presentation
•	 Age > 40 years 
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      Criteria for CT of the C-spine 
       (presence of one of the following major criteria)
•	 Pain in cervical midline
•	 Focal neurological deficit
•	 Painful distracting injury
•	 Intoxication
•	 Decreased consciousness
      Criteria for CT of the chest/abdomen 
       (presence of one of the following major criteria)
Clinical criteria
•	 Age ≥ 55 years
•	 Hypotension (systolic blood pressure < 90 mmHg)
•	 Glasgow Coma Scale ≤ 14, tracheal intubation, sedation or intoxication
•	 Abnormal finding during physical examination of the chest (diminished breath 
sounds, subcutaneous emphysema, pain under pressure, extensive hematomas or 
lacerations on the chest)
•	 Abnormal finding during physical examination of the abdomen (pain under pressure, 
distention, abdominal defense, extensive hematomas of lacerations on the abdomen) 
•	 Abnormal finding during physical examination of the thoracolumbar spine (pain on 
palpation of the spine, focal neurological deficit, extensive hematomas of lacerations 
on the back)
•	 Clinical suspicion of a pelvic fracture
•	 Macroscopically hematuria
•	 Clinical suspicion of a long bone fracture (femur, tibia, fibula, humerus, radius and/or ulna) 
•	 Base excess < -3 mmol/l
•	 Hemoglobin < 6 mmol/l
 Radiological criteria
•	 Suspicion injuries on CR of the chest
Lung contusion, hemothorax, pneumothorax, subcutaneous emphysema, 
abnormal mediastinum suggestive for mediastinal hematoma, suspicion 
diaphragmatic injury, rib fracture or a fracture of spine, scapula and/or clavicle
•	 Abnormalities on the CR of the pelvis or FAST
Suspicion injury on CR of the pelvis (fracture of the pelvis or femur, sacro- 
illiacal luxation, symphysiolysis or a luxation of the hip joint)
Presence of free fluid, abnormal organs or pericardial fluid on FAST
•	 Abnormalities on CR of the thoracolumbar spine
Suspicion of a fracture or spinal malalignment
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Table 3. 
Study population characteristics (n = 81). 
Age (years) 41* (SD 17.4; range: 16-88)
Male (n) 65 (80.2%)
GCS on arrival 12.6* (SD 4.6 ; range 3-15)
RTS 7.1* (SD 1.5; range 2.6-7.8)
ISS 13* (SD 11.7; range 1-57)
Hospital stay (days) 7.3* (SD 11.5; range 0-56)
Mortality (n) 3 (3.7%)
Numbers are in median (*) 
Table 4. 
An outline of patient flow for 81 patients, the number of patients per branch and the median 
time for completing all by the protocol dictated imaging. 
Branch* Radiological diagnostics No. of 
patients
Time to complete 
radiology (min)
1 CR chest/pelvis, FAST and Total Body CT 18 46 (range 29 - 92)
2 Total Body CT 7 41 (range 28 - 64)
3 CR chest/pelvis, FAST and CT C-spine/trunk 
(+head when indicated) 
46 47 (range 26 - 140)
4 CR chest/pelvis/thoracolumbar column, FAST 
and CT C-spine/trunk (+head when indicated)
1 77 
5 CR chest/pelvis/thoracolumbar column, FAST 
and CT C-spine (+head when indicated) 
7 68 (range 43 - 130)
6 CR chest/pelvis/thoracolumbar column, FAST 2 67 (range 40 - 93)
* Branch number according number as listed in Figure 1
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Results
Study population characteristics
The population of our pilot study consisted of 81 consecutive blunt high-energy adult trauma 
patients (n=81), of which 65 were males (80%). The median age of the population was 41 years 
with a median injury severity score (ISS) of 13 (range 1-57) (see Table 3). The most common 
trauma mechanism was a motor vehicle accident (n=40) (see Figure 2). The 30-day mortality 
was 3.7% (n=3), two patients died within the first 24-hours due to severe neurological injury.
Diagnostic protocol in case of blunt high-energy trauma
All but one patients correctly received appropriate CT examination conform the guideline 
of the protocol, giving a protocol adherence to CT of 99%. Seventy-two thoracoabdominal 
CT scans (89% of the patients), 54 head CT scans (67%) and 78 C-spine CT scans (96%) 
were performed. At the time of presentation in the ED 18 patients (22%) were ABC-unstable. 
Therefore they were radiologically examined by CR of the chest and pelvis, FAST and total 
body CT after stabilizations. One patient did not respond to resuscitation and went to the 
operation room after conventional radiography. The others responded well to resuscitation 
(including e.g. intubation and chest tube placement), giving the opportunity to safely perform 
CT. Seven patients (8.6%) were ABC-stable with neurological instability and consequently 
received total body CT without performing CR or FAST. Furthermore, 46 patients (57%) were 
ABCD-stable and met the clinical criteria for thoracoabdominal CT. One patient underwent 
thoracoabdominal and C-spine CT because of abnormalities on thoracolumbar CR. Seven 
patients only received CT of the C-spine and two patients didn’t receive any CT (see Figure 
1). In 30 patients one or more CT scans could be omitted. Nine patients did not receive thora-
coabdominal CT, which is a reduction of 11% (95% CI 0.04-0.18) as compared to a routine 
use.
Patient safety
One patient became transient hypotensive during CT (systolic blood pressure of 60 mmHg 
with a heart rate of 55/minute), which was corrected by a simple intervention (administra-
tion of fluids and epinephrine intravenously). Hereafter the patient recovered rapidly and the 
protocol could be finished without any harm to the patient. There were no other complica-
tions in the CT-room. During the one-month follow-up (no one lost to follow-up) no addi-
tional trauma related diagnoses for head, neck, thorax or abdomen, were found. 
Protocol deviation
Although all patients except one received appropriate CT and there was a 99% protocol adher-
ence concerning CT, there was a deviation of the protocol in 38% of the patients concerning 
CR. The most frequent causes of deviation were performing an additional CR of the chest 
(n=7) and omitting CR of the pelvis (n=19; 37%) while the protocol dictated otherwise. The 
additional chest CR was performed in endotracheal intubated patients in whom the position 
of the tube needed to be checked. Most CR of the pelvis was omitted in cases where the pelvis 
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Figure 2.
Th e mechanisms of blunt high-energy trauma of the 81 adult patients who met the inclusion 
criteria of diagnostic protocol.
37%
5%
11%
11% 12%
16%
8%
Other
Moped
Bicycle
Pedestrian
Car
Fall from > 3 meters
Motorcycle
Th e mechanisms of blunt high-energy trauma of the 81 adult patients who met the inclusion 
criteria of diagnostic protocol.
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was considered stable during physical examination and a thoracoabdominal CT was already 
indicated. One deviation was ascribed to miscommunication; the patient was already trans-
ferred to the CT before physical examination of the spine was performed.
 
Time measurement
Time from arrival at the ED until completion of the radiological examinations, was the 
shortest in the neurologically unstable, but ABC stable group. A median of 41 minutes (range: 
28 - 64) was required to complete short physical examination and CT including transfer to 
the CT room. The ABC unstable patients (branch 1) needed a median of 46 minutes (range: 
29 - 92). The patient following branch 4 needed most time to complete all recommended 
examinations, being 77 minutes (see Table 4). 
Definite care and hospital stay
Twenty-two of the 81 patients (27%) could be discharged immediately after evaluation and 
resuscitation on the ED. Fourteen patients had a normal CT. The majority of these patients 
were discharged after CR, FAST and CT of the C-spine, chest and abdomen (branch 3, n=14). 
Another 22 patients (27%), of which the majority was ABC or D unstable (branch 1 or 2, 
n=15) required intensive monitoring at the intensive care unit (ICU), with a median stay 
of 3.6 days. Six patients headed straight from the ED to the operating room for immediate 
surgical interventions. The remaining 31 patients were admitted to regular, mostly surgical or 
neurological, departments. The median overall hospital stay was seven days. 
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Discussion
In this pilot study we evaluated the clinical feasibility of a new, recently implemented protocol 
for radiological screening of blunt high-energy trauma patients. The goal of this protocol 
is to reduce unnecessary, time consuming or potentially harmful radiological investigations 
while not missing relevant injuries of the brain, neck and trunk during primary work-up. This 
pilot study on 81 consecutive patients reported adequate protocol adherence to CT. Small 
deviations mainly resulted in underuse of pelvic CR prior to CT and overuse of chest CR 
for tube position confirmation. These deviations neither had clinical consequences, nor lead 
to a significant increase in radiation exposure. Trauma chest X-ray is associated with a low 
ionizing radiation dose of approximately 0.04 mSv 18. However, most patients underwent the 
correct type of CT examination as dictated by the flow chart. In addition, no major adverse 
events that needed either abortion of the protocol, or gave permanent harm to the patient, 
occurred in the CT room whereas even initially unstable trauma patients were included in the 
protocol. We even saw relatively short work-up times, which included primary interventions 
(e.g. chest tube placement or intubation), in unstable patients as demonstrated by previous 
studies 5,19. Most patients responded well to the resuscitation therapy, making it possible to 
safely perform CT under continuous monitoring of vital parameters. Moreover, this protocol 
lead to omission of one or more CT scans in 30 patients, without missing important diag-
noses. 
This implies that this protocol seems safe and easily applicable and might reduce the number 
of CT examinations in blunt trauma patients, which is in contrast with the accepted protocol 
for immediate routine total body CT in many trauma centers 4,20,21. Prior to the implementa-
tion of this protocol, routine total body CT was performed in our hospital as well. Without 
losing diagnostic safety, we tried to reduce the amount of negative CT scans. In order to 
achieve a maximal sensitivity, not specificity, we accepted a number of normal CT scans. Of 
these examinations, it is thoracoabdominal CT that provides a substantially high radiation 
dose (16.1 mSv) 18. This could be safely omitted in 11% (95% CI 0.04-0.18) of all patients. 
Although significant, this is less than could be expected from previously performed studies 
14,15. This might be explained by several factors. First, doctors dare not always omit CT after 
obtaining normal physical examination, CR and FAST 22. Second, this protocol was based on 
prediction models that were not validated before. Previously published performance of these 
prediction models is therefore likely to be over-estimated. Nevertheless this study supports 
that clinical parameters and radiological examinations can be used to safely stratify patients 
based on the probability of injury. Previously, authors have made similar stratification to 
select patients for appropriate use of CT in C-spine and head injury 23-25.
Because it is easy to perform a total body CT in every trauma patient, the complexity of 
this protocol might be a pitfall. It includes a long list of definitions and six branches and 
might seem cumbersome to clinicians at first sight. Most of these are commonly used criteria. 
However because of this (pilot) protocol and accompanied future study considering the care 
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of the total trauma patient, these criteria are clearly defined. We tackled this by placing a large 
copy of the flow charts to the walls of the trauma rooms. Prior to patient arrival, the radiol-
ogist and trauma team leader discussed potential branches of the protocol and important 
decision moments based on prehospital information in advance. 
Limitations
This study has limitations. First, this study contains a relatively small number of patients in 
a single, well-equipped Level-I trauma centre with 24-hour capabilities and adjacent CT. It 
is questionable if application of our protocol is feasible in smaller, less equipped hospitals, 
especially if the CT scanner is not adjacent to the ED. The amount of patients in this pilot 
study is too small to provide us with the level of evidence needed to be certain enough that 
no diagnosis will be missed with a widespread use of this diagnostic protocol. This should be 
proven in a larger sample of patients. Second, although the majority of data collection was 
prospective, local trial coordinators were not present 24/7 in the hospital to control adequate 
protocol inclusion and accuracy of completing the forms and register medical charts for this 
study, missing data were collected retrospectively. This may have led to selection- and infor-
mation bias. Scanning times were retrospectively collected out of a database. 
Further research in larger cohorts of patients is needed in order to confirm and externally 
validate the protocol and to deliver the level of evidence needed to be certain that no diagnosis 
will be missed with a widespread use of the protocol. Currently, we are planning to conduct 
a trial like this in cooperation with several other international level I trauma centers (trial 
registration number NTR2607). In this prospective multicentre study we will try to supply 
the level of evidence that is needed, including a role for cost-effectiveness. If necessary, the 
protocol may be modified.
Conclusions
In conclusion, we implemented a protocol to direct the use of radiological investigations in 
the primary evaluation of adult blunt high-energy trauma patients. This protocol contains a 
flow chart that seems safe, uniformly applicable and time-effective. After complete external 
validation, this protocol has the potential to reduce unnecessary CT examinations in blunt 
trauma patients as compared to a routine CT use. 
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Appendix
The CT protocol was executed on a Somatom Sensation 16 data channel CT with automated 
tube current modulation (Siemens Medical Systems, Erlangen, Germany). Digital processing 
was performed using Picture Archiving and Communication System (IMPAX 6.4, Agfa health-
care). The (post)processing and analysis were performed on a CT console (Navigator, Siemens) 
and dedicated working station (Wizard, Siemens). The CT protocol consisted (when indicated) 
of CT of the head, C-spine and thoracoabdominal CT. 
Sequential head CT was performed from ventex to foramen magnum at a tube potential of 120 
kV, a tube current-time product of 400 mAs with a collimation and reconstructed section thick-
ness of 0.75 mm. No iodinated contrast was used. 5 mm transversal reformatted images were 
obtained in the canthus meatus plane. 
C-spine CT was performed from the occipital condyles trough the first thoracic vertebrae at a 
tube potential of 120 kV, with a reference value of effective tube current-time product of 270 
mAs. The detector configuration was 16 x 0.75 mm. No iodinated contrast material was used. 
Reconstructed section thickness was 1 mm with a bone reconstruction kernel and an increment 
of 0.5 mm. Sagittal and coronal reformatted images of the C-spine were obtained.
Thoracoabdominal CT was performed from acromioclavicular joint to lesser trochanter at a 
tube potential of 120 kV with a reference value of effective tube current–time product of 200 
mAs. The detector configuration was 16 × 1.5 mm. A total of 100 mL of iodinated contrast mate-
rial (Xenetix 300, Guerbet) was injected. Reconstructed section thickness was 3 mm for lung, 
soft tissue, and bone reconstruction kernel, with an increment of 3, 3, and 1.5 mm, respectively. 
Sagittal and coronal reformatted images of the thoracic and lumbar spine were obtained.
C
ha
pt
er
 7
   
   
   
   
 A
n 
ev
id
en
ce
 b
as
ed
 b
lu
nt
 tr
au
m
a 
pr
ot
oc
ol
157
References
1. World Health Organization. WHO. 2008. Ref Type: Statute. http://www.who.int/whosis/whostat/2008/
en/index.html [accessed 20 December 2010].
2. World Health Organization, Regional Office for Europe. Atlas of health 2nd edition 2008. http://www.
euro.who.int/__data/assets/pdf_file/0011/97598/E91713.pdf [accessed 5 January 2011].
3. Salim A, Sangthong B, Martin M, et al. Whole body imaging in blunt multisystem trauma patients 
without obvious signs of injury: results of a prospective study. Arch Surg 2006;141:468-473.
4. Sampson MA, Colquhoun KB, Hennessy NL. Computed tomography whole body imaging in multi-
trauma: 7 years experience. Clin Radiol 2006;61:365-369.
5. Wurmb TE, Frühwald P, Hopfner W, et al. Whole-body multislice computed tomography as the first 
line diagnostic tool in patients with multiple injuries: the focus on time. J Trauma 2009;66:658-665.
6. Deunk J, Dekker HM, Brink M, et al. The value of indicated computed tomography scan of the chest 
and abdomen in addition to the conventional radiologic work-up for blunt trauma patients.  
J Trauma 2007;63:757-63.
7. Demetriades D, Gomez H, Velmahos GC, et al. Routine helical computed tomographic evaluation of 
the mediastinum in high-risk blunt trauma patients. Arch Surg 1998;133:1084-1088.
8. Exadaktylos AK, Sclabas G, Schmid SW, et al. Do we really need routine computed tomographic 
scanning in the primary evaluation of blunt chest trauma in patients with “normal” chest radiograph? 
J Trauma 2001;51:1173-1176.
9. Omert L, Yeaney WW, Protetch J. Efficacy of thoracic computerized tomography in blunt chest 
trauma. Am Surg 2001;67:660-664.
10. Brink M, Deunk J, Dekker HM, et al. Added value of routine chest MDCT after blunt trauma: 
evaluation of additional findings and impact on patient management. AJR Am J Roentgenol 
2008;190:1591-1598.
11. Korner M, Krotz MM, Degenhart C, et al. Current Role of Emergency US in Patients with Major 
Trauma. Radiographics 2008;28:225-242.
12. Deunk J, Brink M, Dekker HM, et al. Routine versus selective computed tomography of the abdomen, 
pelvis, and lumbar spine in blunt trauma: a prospective evaluation. J Trauma 2009;66:1108-1117.
13. Fang JF, Wong YC, Lin BC, et al. Usefulness of multidetector computed tomography for the initial 
assessment of blunt abdominal trauma patients. World J Surg 2006;30:176-182.
14. Brink M, Kool DR, Dekker HM, et al. Predictors of abnormal chest CT after blunt trauma: a critical 
appraisal of the literature. Clin Radiol 2009;64:272-283. 
15. Deunk J, Brink M, Dekker HM, et al. Predictors for the selection of patients for abdominal CT after 
blunt trauma: a proposal for a diagnostic algorithm. Ann Surg 2010;251:512-520.
16. Committee on Trauma: American College of Surgeons. Advanced Trauma Life Support (ATLS®); 
for Physicians, 8th Edition. Chicago:2008.
17. Brink M, Deunk J, van Tongeren P, et al. Observational research in trauma radiology: should patients 
be informed? J Am Coll Radiol 2009;6:51-57.
158
18.  Wedegärtner U, Lorenzen M, Nagel HD, et al. [Diagnostic imaging in polytrauma: comparison of 
radiation exposure from whole-body MSCT and conventional radiography with organ-specific CT]. 
Rofo 2004;176:1039-1044
19.  Rieger M, Sparr H, Esterhammer R, et al. Modern CT diagnosis of acute thoracic and abdominal 
trauma. Radiologe 2002;42:556-563.
20. Wurmb TE, Quaisser C, Balling H, et al. Whole-body multislice computed tomography (MSCT) 
improves trauma care in patients requiring surgery after multiple trauma. Emerg Med J 2011;28:300-4 
21. Stengel D, Frank M, Matthes G, et al. Primary pan-computed tomography for blunt multiple trauma: 
can the whole be better than its parts? Injury 2009;40Suppl4:S36-46.
22.  Ma OJ, Gaddis G, Steele MT, et al. Prospective analysis of the effect of physician experience with the 
FAST examination in reducing the use of CT scans. Emerg Med Australas 2005;17:24-30.
23. Hanson JA, Blackmore CC, Mann FA, et al. Cervical spine injury: a clinical decision rule to identify 
high-risk patients for helical CT screening. AJR Am J Roentgenol 2000;174:713-717. 
24. Smits M, Dippel DW, de Haan GG, et al. External validation of the Canadian CT Head Rule and the 
New Orleans Criteria for CT scanning in patients with minor head injury. JAMA 2005;294:1519-1525.
25. CBO. Richtlijn acute en traumatische wervelletsels: opvang, diagnostiek, classificatie en behandeling 
2009. http://www.cbo.nl/thema/Richtlijnen/Overzicht-richtlijnen/Traumatologie/ [accessed 15 
January 2011] 
C
ha
pt
er
 7
   
   
   
   
 A
n 
ev
id
en
ce
 b
as
ed
 b
lu
nt
 tr
au
m
a 
pr
ot
oc
ol
159

Chapter 8 
Summary and 
general diScuSSion 
162
C
ha
pt
er
 8
   
   
   
   
 Su
m
m
er
y 
an
d 
ge
ne
ra
l d
isc
us
sio
n
163
8. Summery and general discussion
In the evaluation of blunt high-energy trauma patients, early and adequate assessment of the 
present traumatic injuries is essential. Inappropriate or delayed diagnoses results in unneces-
sary morbidity and mortality. Because physical examination alone is unreliable, additional 
radiological examinations are performed at the emergency department. Currently we see 
an increasing use of computed tomography (CT) in this population. In addition conven-
tional radiology (CR) and focused abdominal sonography in trauma (FAST) are increasingly 
omitted. 
In Chapter 1, we first give a brief history of the development of trauma surgery. The length of 
resuscitation time is getting more important and the “golden hour” is introduced. The golden 
hour starts the moment an accident occurs and considers the time frame during which there 
is the highest likelihood that prompt medical intervention will prevent death. In the pre-hospital 
setting patients are treated by paramedics and/or physicians, in order to reduce waste of time 
to treatment. In-hospital, the initial evaluation of a trauma patient is performed according the 
advanced trauma life support (ATLS®) guidelines. The ATLS® consists of a systematic approach 
of the injured patient, in order to treat first what kills first. After physical examination, additional 
radiological examinations can be performed. Nowadays, use of radiological diagnostic tools 
for the evaluation of trauma patients is standard. Because previous studies showed that CT is 
more accurate and sensitive than CR and ultrasound, its use is growing vigorously. However, 
there are several disadvantages of this widespread use. In order to give a good quality of 
(trauma) care, the benefits must be weighed against their disadvantages. The aim of this thesis 
was to evaluate the role and consequences of the use of thoracoabdominal CT in the wide 
spectrum of blunt high-energy trauma patients. This in order to create an evidence based 
algorithm for the use of CT in the evaluation of blunt high-energy trauma patients. 
In Chapter 2 we reviewed all randomized controlled trails in literature in order to provide 
the best evidence for the effect of thoracoabdominal CT on mortality in blunt high-energy 
trauma patients. A systematic search identified a total of 481 studies; after removal of dupli-
cates 396 remained. No randomized controlled trials were found comparing routine with 
selective thoracoabdominal CT in blunt high-energy trauma patients. A total of 381 studies 
were excluded based on the abstract because of irrelevance to the review topic, and a further 
15 studies were excluded after full text evaluation. Main reason for exclusion was a non 
-randomized study design. Based on the lack of evidence from randomized controlled trials, 
it is not possible to say which approach is better in reducing deaths. 
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In the search for the best available evidence we performed a second review, which we describe 
in Chapter 3. We extendedly reviewed the present literature to evaluate the effects of routine 
use of a total body computed tomography (TBCT) in blunt high-energy trauma patients. 
We regarded the effects on mortality, treatment and time management. TBCT in adult blunt 
high-energy trauma patients was compared to a conservative approach with the use of CR, 
abdominal ultrasound and selective CT. In search for original retrospective and prospective 
studies, 9 out of 183 initially identified studies were included in consensus by the indepen-
dent observers using predefined criteria. The Oxford level of evidence was predominantly 
(8/9) level 2b. One out of the three mortality-describing studies had a statistically significant 
difference; four studies described a change of treatment in 2-27% of patients due to the use 
of TBCT. Five studies found a gain in time with the use of immediate routine TBCT. Based 
on these results we concluded that current literature has predominantly a suboptimal design 
and low level of evidence. This does not prove that the routine use of TBCT results in better 
survival of blunt high-energy trauma patients. TBCT results in a change of treatment and 
improves time intervals in the emergency department as compared to its selective use.
In Chapter 4 we evaluated the influence of routine CT in blunt high-energy thoracoab- 
dominal trauma patients on the predicted survival according to the trauma injury severity 
score (TRISS). For this study we prospectively collected data over a 3-year period on 1,047 
patients who had sustained a blunt high-energy trauma. All patients underwent physical 
examination, CR of the chest, thoracolumbar spine and pelvis, abdominal sonography, and 
routine thoracoabdominal CT. These patients went through the routine CT algorithm and 
received CT independed of physical examination and/or CR and/or sonography. Out of these 
data, we prospectively defined patients going through a selective CT algorithm. These patients 
would receive CT based on previous abnormal findings during physical examination and/or 
CR and/or sonography. Type and extent of injuries were recorded for both the selective and 
the routine CT algorithms. Based on the injuries found by the two different CT algorithms, 
we calculated the injury severity scores (ISS) and predicted survivals according to the TRISS 
methodology for the routine and the selective CT algorithms. Based on injuries detected by 
the selective CT algorithm, the mean ISS was 14.6, resulting in a predicted mortality of 12.5%. 
Because additional injuries were found by the routine CT algorithm, the mean ISS increased 
to 16.9, resulting in a predicted mortality of 13.7%. The actual observed mortality was only 
5.4%. We conclude that routine thoracoabdominal CT in blunt high-energy trauma patients 
reveals more injuries than a selective CT algorithm, resulting in a higher ISS within the same 
population. According to the TRISS, this results in higher predicted mortalities. Observed 
mortality, however, was significantly lower than predicted. The predicted survival according 
to MTOS seems to underestimate the actual survival when routine CT is used. The cause 
is probably twofold. First, CT results in a better detection of minimal injuries. Second, the 
quality of health care has improved during the past decades. 
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In the same cohort of patients as described in Chapter 4, we studied one of the potential side 
effects of a more widespread use of thoracoabdominal CT. Chapter 5 deals with the detection 
of incidental findings on routine thoracoabdominal computed tomography in blunt, high- 
energy trauma patients and their subsequent consequences on medical treatment. In the 
group of 1047 consecutive blunt trauma patients (mean age 40 years), we categorized inci-
dental findings into four hierarchic categories based on their clinical consequences. A total of 
372 patients (36%) had one or more incidental findings on thoracoabdominal CT. Comple-
mentary investigation or therapy was performed in 72 of these 372 patients; 29 patients (2.8% 
of the total population) of these patients required additional invasive evaluation or treatment. 
Nineteen patients underwent surgery due to an incidental finding. Nine patients were diag-
nosed with a not previously identified malignancy. In conclusion routine thoracoabdominal 
CT revealed a significant number of incidental findings in the evaluation of a relatively young 
trauma population. Only a small percentage needed additional investigations or therapy. 
Based upon radiological findings it is possible to decide whether additional follow-up or 
treatment is necessary. This should not impede the low-threshold use of CT in blunt high- 
energy trauma patients. Nonetheless, the trauma team should adequately communicate 
incidental findings to ensure the required treatment or follow-up is initiated.
In Chapter 6 we evaluated the costs and consequences of different diagnostic strategies 
using thoracoabdominal CT at the emergency ward in the primary evaluation of adult, blunt 
high-energy trauma patients. We compared three different algorithms in which CT was 
applied as 1. an immediate diagnostic tool in all patients (rush CT), 2. as a diagnostic tool 
in all trauma patients after limited conventional work-up (routine CT), and 3. as a selective 
tool in patients who met specific criteria for CT obtainment (selective CT). Probabilities of 
detecting and missing clinically relevant injuries were retrospectively derived from a cohort 
of 1040 adult blunt trauma patients. For cost-consequence analysis, we collected data on radi-
ation exposure and performed a micro costing analysis (including staff, housing and over-
head) on primary trauma care in these patients. The rush and routine CT algorithm both 
detected all thoracoabdominal injuries in 99.1% of the patients during the primary evaluation 
of the trauma patients (n=1040). The selective CT algorithm missed diagnosis in 11% of the 
patients, in which a change of treatment would have been necessary in 4.8%. The use of the 
rush CT algorithm costs € 2676 per patient and has a mean radiation of 26.40 mSv per patient. 
Routine CT costs € 2815 and results in the same radiation exposure. The selective CT algo-
rithm resulted in less radiation (23.23 mSv) but higher costs (€ 2771) when compared to rush 
CT. The biggest contribution to the total costs is staff related expenses. In conclusion, the algo-
rithm with rush CT results in the least costs and is comparable in terms of radiation exposure 
and diagnostic certainty with routine CT after a limited conventional work-up. Selective CT 
results in less radiation (more than 3 mSv) for only slightly higher costs. This should be taken 
into account because an increased use of CT creates the risk of repetitive radiation exposure 
during one’s lifetime. This is especially important in the relative young trauma population, 
because radiation exposure has a larger adverse effect on younger patients than on older once. 
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As previously described in Chapter 2, 3 and 5, there is currently not enough evidence to prove 
that the standard use of TBCT reduces mortality. However, screening with routine CT after 
conventional work-up induces a possible overutilization with unnecessary high costs and 
radiation exposure. CR and FAST may be time consuming in neurologically instable patients 
and radiological examinations should only be performed if their benefits outweigh their costs. 
For these reasons we developed and implemented an evidence-based diagnostic protocol for 
radiological imaging during primary evaluation of adult blunt high-energy trauma patients in 
our emergency department. The results of this prospective study are described in Chapter 7. 
For this diagnostic protocol, data from previous studies concerning thorax and abdomen were 
combined with national guidelines for cervical vertebrae and brain. The protocol includes 
criteria that should define whether chest and pelvic CR, FAST and CT of the head, cervical 
spine, chest and abdomen should be performed or can be safely omitted. Prospective eval-
uation in 81 consecutive patients showed a 99% adherence to the protocol concerning CT. 
Seventy-nine patients (98%) received one or more CT scans: 72 (89%) had thoracoabdominal, 
78 (96%) cervical spine and 54 (67%) had cranial CT. In 30 patients, one or more CT scans 
of body regions could be omitted. In 38%, CR was wrongly omitted or performed incorrectly 
with the protocol. No major adverse events occurred in the CT room and no clinically relevant 
injuries were missed. We conclude that the introduction of the diagnostic protocol seemed 
feasible and safe for the evaluation of adult blunt high-energy trauma patients. In addition, 
the protocol showed that rush CT could safely be used. Implementation of this protocol has 
the potential to reduce unnecessary radiological investigations, especially CT scans.
Because all data were derived from a single trauma center, the proposed algorithm and its 
clinical applicability should be evaluated and externally validated in different populations 
under different circumstances as well. In cooperation with the Amsterdam Medical Center, 
University Medical Center Groningen, Erasmus Medical Center Rotterdam, and a foreign 
trauma center (Basel, Switserland), the Radboud UMC Nijmegen now participates in the 
REACT 2 trial. This multicenter randomized clinical trial was funded by ZonMW in order 
to provide evidence on the value of immediate TBCT scanning during the primary survey 
of severely injured trauma patients. Among others mortality and morbidity outcome will be 
evaluated. 
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Future perspective
Future studies should be directed at the clinical applicability and external validation of the 
diagnostic algorithm as proposed in Chapter 7. An algorithm that involves the entire trauma 
patient is mandatory. Care has to be taken to keep the radiation effects of the performed 
examinations in mind and reduce them were possible. Due to the use of newer CT scanners 
and software, radiation dosages will further decrease in the next years. Participation in the 
REACT 2 trial is one of the opportunities to scientifically examine the value of immediate 
TBCT. If this multicenter randomized clinical trial provides evidence that there is a positive 
value of immediate TBCT during the primary survey of severely injured trauma patients, 
this should be included in the protocols of all level 1 trauma centers. Extrapolations of these 
protocols to level 2 and 3 trauma centers have to be further studied in order to cover different 
populations and different circumstances.
In the trauma setting, magnetic resonance imaging (MRI) currently plays a marginal role, i.e. 
when there is suspicion of myelum injury. The relatively small range of indication for use of 
MRI in trauma setting is due to the disadvantages of the magnetic field and the length of the 
examination. Perhaps in the future, when (if possible) these advantages will be minimized, 
indications for the use of MRI can be extended, where for instance younger patients and 
vascular injuries could be considered. 
Nowadays, the use of CT and resuscitation of trauma patients have integrated to a true sym- 
biosis. On most (new) emergency departments the CT is near or even located in the trauma 
room, making it possible to reduce times of primary resuscitation. Perhaps there will be a 
moment in the future where trauma patients at arrival in the hospital will go straight to a 
CT-OR (CT-operation room). This CT-OR will be a total integration of resuscitation, analysis 
and immediate surgery in the same room if necessary. In combination with the knowledge of 
pre-hospital diagnosis by physical examination and ultrasound, times to definitive care will 
decrease resulting in a better outcome for the patient.
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9. Samenvatting en algehele discussie
Het vroeg en adequaat vaststellen van de aanwezige traumatische letsels tijdens de opvang 
en evaluatie van patiënten met een stomp hoog energetisch trauma is essentieel. Verkeerde 
en vertraagde diagnosestelling leidt namelijk tot onnodige morbiditeit en mortaliteit. Op de 
Spoed Eisende Hulp wordt additioneel radiologisch onderzoek uitgevoerd, omdat het enkel 
uitvoeren van lichamelijk onderzoek onbetrouwbaar is in dit cohort patiënten. De laatste jaren 
zien we een steeds grotere toename van het gebruik van CT-onderzoek tijdens de primaire 
opvang van de genoemde doelgroep. Hierbij wordt de conventionele diagnostiek, bestaande 
uit röntgenfoto’s en echografie van het abdomen, steeds vaker achterwege gelaten. 
In Hoofdstuk 1 beschrijft allereerst de geschiedenis van de trauma chirurgie in vogelvlucht. In 
de loop der tijd is de duur van de resuscitatie steeds belangrijker geworden. Hiermee samen-
hangend werd het gouden uur geïntroduceerd. Dit tijdsinterval beslaat het tijdslot waarbij de 
kans het grootst is dat adequate medische behandeling het overlijden zal voorkomen. In de 
pre-hospitale fase worden patiënten behandeld door (para)medici om op die manier tijdsver-
lies tot inzetten van behandeling te verkleinen. Eenmaal in het ziekenhuis wordt de initiële 
evaluatie van de traumapatiënt conform de richtlijnen van de ATLS® (Advanced Trauma Life 
Support) uitgevoerd. Deze bestaan uit een systematische benadering van de gewonde patiënt, 
om op die wijze datgene als eerst te diagnosticeren en te behandelen waaraan de patiënt als 
eerste zou overlijden bij niet-acteren. Na het lichamelijk onderzoek wordt additioneel radio-
logisch onderzoek verricht, hetgeen tijdens de evaluatie van traumapatiënten tegenwoordig 
niet meer weg te denken is. Omdat studies hebben aangetoond dat CT accurater en sensitiever 
is dan conventionele radiologische diagnostiek, wordt deze methodiek steeds vaker ingezet. 
Er kleven echter verscheidene nadelen aan dit wijdverspreide gebruik. Om een goede kwali-
teit van (trauma)zorg te leveren moeten de voor- en nadelen tegen elkaar worden afgewogen. 
Het doel van dit proefschrift was de positie en de gevolgen van het gebruik van thoracoabdo-
minale CT in het brede spectrum van patiënten met een stomp hoog energetisch trauma te 
evalueren. Hieruit is vervolgens een evidence-based algoritme opgesteld voor het gebruik van 
CT tijdens de opvang van desbetreffende patiënten.
Hoofdstuk 2 beschrijft een review van alle in de literatuur beschikbare randomized controlled 
trials om zo het beste bewijs te leveren ten aanzien van het effect van thoracoabdominale 
CT op mortaliteit in patiënten met een stomp hoog energetisch trauma. Een systematische 
zoektocht identificeerde een totaal van 481 studies. Na het verwijderen van duplicaten bleven 
er 396 over. Er werden geen randomized controlled trials gevonden die routinematige met 
selectieve thoracoabdominale CT vergeleken. In totaliteit werden 381 studies geëxcludeerd 
omdat op basis van de samenvatting bleek dat de inhoud irrelevant was voor het onderwerp. 
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De overige 15 studies werden geëxcludeerd na evaluatie van het hele artikel. Op basis van het 
gebrek aan bewijs van randomized controlled trials is het niet mogelijk een uitspraak te doen 
over de beste manier om de mortaliteit te reduceren. 
Om vervolgens het best beschikbare bewijs te vinden, is er een tweede review verricht dat 
beschreven staat in Hoofdstuk 3. Hierin is de huidige beschikbare literatuur gecheckt en 
bestudeerd om het effect van het routinematig gebruik van CT van het gehele lichaam (total 
body CT, TBCT) te beoordelen bij patiënten met een stomp hoog energetisch trauma. Hierbij 
is specifiek het effect op mortaliteit, behandeling en tijdsmanagement in acht genomen. TBCT 
bij volwassen patiënten na een hoog energetische trauma is vergeleken met een conserva-
tieve benadering, bestaande uit röntgenfoto’s, echografie van het abdomen en selectieve CT 
op indicatie. Alle originele studies werden gecontroleerd nagelopen, waarbij door onafhan-
kelijke onderzoekers uiteindelijk 9 van de 183 initieel geïdentificeerde studies in consensus 
werden geïncludeerd. Het grootste deel van de studies had een Oxford of Evidence level 2b 
(8/9). Drie studies beschreven mortaliteit als uitkomst, waarvan er één een significant verschil 
aantoonde. Vier studies beschreven een verandering van beleid/behandeling naar aanleiding 
van het gebruik van TBCT in 2-27% van de patiënten. Vijf studies vonden een tijdswinst 
bij het gebruik van directe TBCT. Op basis van deze resultaten kan geconcludeerd worden 
dat de huidige literatuur overwegend van suboptimale opzet is om definitief te bewijzen dat 
het routinematig gebruik van TBCT resulteert in een verbeterde overleving voor patiënten 
na stomp hoog energetisch trauma. TBCT leidt tot een verandering van de behandeling en 
verkort tijdsintervallen op de Spoed Eisende Hulp, vergeleken met selectief gebruik van CT. 
In Hoofdstuk 4 treft u een verslag aan van de invloed van het routinematig gebruik van CT, 
bij patiënten na stomp hoog energetisch thoracoabdominaal trauma, op de voorspelde over-
leving die berekend is volgens de Trauma Injury Severity Score (TRISS). Voor deze studie is 
gebruik gemaakt van een gedurende drie jaar prospectief verzamelde database, met daarin 
gegevens van 1047 patiënten die een stomp hoog energetisch trauma hebben doorgemaakt. 
Al deze patiënten ondergingen tijdens de opvang lichamelijk onderzoek, röntgenfoto’s van 
thorax, thoracolumbale wervelkolom en bekken, echografie van het abdomen en routine-
matig thoracoabdominale CT. Bij deze groep die routinematig thoracoabdominale CT onder-
ging, is prospectief bepaald welke subgroep recht zou hebben op een selectieve CT. Dit zijn 
de patiënten met afwijkende bevindingen bij lichamelijk onderzoek en/of conventionele 
diagnostiek en/of echografie. Type en mate van letsels werden vastgesteld bij alle patiënten 
voor twee algoritmes: 1. patiënten ondergaan selectieve CT, en 2. alle patiënten ondergaan 
routinematig CT. Gebaseerd op de letsels die werden gevonden in de twee verschillende algo-
ritmes, werden de Injury Severity Score (ISS) en de voorspelde overleving volgens TRISS 
berekend voor het routine CT-algoritme en het selectieve CT- algoritme. In het selectieve CT 
algoritme resulteerden de gevonden letsels in een gemiddelde ISS van 14.6, met een daarbij 
behorende voorspelde mortaliteit van 12.5%. Ten gevolge van de additionele bevindingen 
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in het routine CT-algoritme steeg de ISS naar 16.9, hetgeen de voorspelde mortaliteit deed 
stijgen naar 13.7%. De geobserveerde mortaliteit was echter 5.4%. Als conclusie kan gesteld 
worden, dat routine thoracoabdominale CT bij patiënten na stomp hoog energetisch trauma 
meer letsels aan het licht brengt dan selectief gebruik van thoracoabdominale CT. Dit resul-
teert in een hogere ISS in dezelfde populatie. Volgens de TRISS- methode zal dit resulteren in 
een hogere voorspelde mortaliteit. De geobserveerde mortaliteit was echter significant lager 
dan voorspeld. De voorspelde overleving volgens de TRISS-methode lijkt de daadwerkelijke 
overleving dus te onderschatten, wanneer er routinematig gebruik gemaakt wordt van de 
thoracoabdominale CT. De oorzaak hiervan is waarschijnlijk tweeledig. Ten eerste geeft CT 
een betere detectie van minimale letsels. Ten tweede is de kwaliteit van zorg de afgelopen 
decennia verbeterd.
In hetzelfde cohort patiënten als beschreven in Hoofdstuk 4, is een ander potentieel neven- 
effect van een uitgebreider gebruik van CT onderzocht. Hoofdstuk 5 gaat over de detectie 
van toevalsbevindingen en de daaruit voortvloeiende consequenties voor medische behan-
deling bij het routinematig gebruik van thoracoabdominale CT bij patiënten na stomp hoog 
energetisch trauma. In de groep van 1047 opeenvolgende stompe hoog energetische trauma 
patiënten (gemiddelde leeftijd 40 jaar) zijn de toevalsbevindingen, gebaseerd op hun klinische 
consequentie, gecategoriseerd in vier hiërarchische groepen. In totaal hadden 372 (36%) 
patiënten één of meer toevalsbevindingen op thoracoabdominale CT. Aanvullende onder-
zoeken of therapie was verricht bij 72 van deze 372 patiënten; 29 patiënten (2.8% van de 
totale populatie) moesten additionele invasieve evaluatie of therapie ondergaan. Negentien 
patiënten ondergingen een operatie ten gevolge van de detectie van een toevalsbevinding. 
Negen patiënten werden gediagnosticeerd met een tevoren niet bekende maligniteit. Conclu-
derend kwam met het routinematig gebruik van thoracoabdominale CT een significant aantal 
toevalsbevindingen aan het licht bij de relatief jonge trauma populatie. Slechts een klein 
aantal patiënten moest additionele onderzoeken en/of therapie ondergaan. Gebaseerd op de 
radiologische bevindingen is het mogelijk te beslissen of additionele follow-up of behandeling 
noodzakelijk is. Dit moet het gebruik van CT tijdens de trauma opvang echter niet in de weg 
staan. Het traumateam moet de toevalsbevindingen echter wel adequaat communiceren en 
documenteren om het benodigde na-traject te garanderen. 
In Hoofdstuk 6 treft u de kosten en consequenties van verschillende diagnostische strate-
gieën voor de primaire evaluatie van volwassen patiënten na stomp hoog energetisch trauma 
op de Spoed Eisende Hulp met gebruik van thoracoabdominale CT aan. Hier worden drie 
verschillende algoritmes vergeleken, waarin CT werd toegepast als 1. een direct diagnos-
tisch middel in alle patiënten (Rush CT); 2. een diagnostisch middel bij alle patiënten na een 
beperkte conventionele work-up (Routine CT), en 3. een selectief middel bij patiënten die aan 
specifieke criteria voldoen om CT te ondergaan (Selectieve CT). De waarschijnlijkheid voor 
het detecteren en missen van klinisch relevante diagnosen werd retrospectief verkregen uit 
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een cohort van 1040 volwassen patiënten na stomp hoog energetisch.Voor deze analyse van 
kosten en consequenties werden data over blootstelling aan straling verzameld en werd een 
micro- kostenanalyse uitgevoerd (inclusief personeel, behuizing en overheadkosten) voor de 
primaire trauma zorg bij deze patiënten. Het Rush en het Routine CT-algoritme detecteerden 
beide alle thoracoabdominale letsels bij 99.1% van de patiënten tijdens de primaire opvang 
van de trauma patiënten (n=1040). Het selectieve CT-algoritme miste letsels in 11% van de 
patiënten, waarbij een verandering in behandeling nodig zou zijn geweest bij 4.8% van de 
patiënten. Het gebruik van het Rush CT-algoritme kost € 2676 per patiënt en heeft een gemid-
delde stralingsbelasting van 26.40 mSv. Het Routine CT kost € 2815 en heeft een vergelijk-
bare stralingsbelasting. Het selectieve CT-algoritme resulteerde in de minste straling (23.23 
mSv) en kost € 2771. De grootste bijdrage in de kosten was voor rekening van het personeel. 
Concluderend was het rush CT-algoritme het goedkoopst en vergelijkbaar met routine CT 
na een beperkte conventionele work-up in termen van bestralingsbelasting en diagnostische 
zekerheid. Het selectieve CT-algoritme resulteert echter in minder stralingsbelasting (meer 
dan 3 mSv) tegen iets meer kosten. Hiermee moet rekening worden gehouden omdat het 
toenemend gebruik van CT het risico creëert op cumulatieve blootstelling gedurende iemands 
leven. Dit is extra van belang bij de relatief jonge trauma populatie, daar stralingsbelasting een 
groter effect heeft op jongere dan op oudere patiënten. 
Zoals reeds eerder beschreven in Hoofdstuk 2, 3 en 6 is er heden ten dage niet genoeg bewijs 
om aan te tonen dat het routinematig gebruik van TBCT resulteert in een lagere mortali-
teit. De primaire evaluatie van trauma patiënten met routine CT na eerdere conventionele 
work-up induceert mogelijk overmatig gebruik met daarbij hogere kosten en een toename in 
stralingsbelasting. Daarnaast kan het zo zijn dat conventionele diagnostiek te veel tijd kost bij 
neurologisch instabiele patiënten. Radiologisch onderzoek dient alleen gebruikt te worden 
wanneer de baten opwegen tegen de kosten. Om deze redenen is een nieuw evidence-based 
protocol ontwikkeld en geïmplementeerd voor de radiologische beeldvorming tijdens de 
primaire opvang van patiënten na stomp hoog energetisch trauma op onze Spoed Eisende 
Hulp. De resultaten van de prospectieve studie hierover staan beschreven in Hoofdstuk 7. 
Voor de ontwikkeling van het diagnostische protocol zijn data van eerdere studies betreffende 
thorax en abdomen samengevoegd en gecombineerd met nationale richtlijnen voor cervicale 
wervelkolom en brein. Het bevat criteria voor het verrichten of veilig achterwege laten van 
röntgenfoto’s van thorax en bekken, abdominale echografie en CT van brein, cervicale wervel-
kolom, thorax en abdomen. Er is een prospectieve analyse naar de klinische haalbaarheid 
van het protocol in een groep van 81 opvolgende patiënten uitgevoerd. Het protocol werd 
met betrekking tot het al dan niet verrichten van CT onderzoek in 99% gevolgd. 79 patiënten 
ondergingen 1 of meerdere CT scans: 72 (89%) patiënten ondergingen thoracoabdominale CT, 
78 (96%) cervicale wervelkolom CT en 54 (76%) brein CT. In 30 patiënten konden 1 of meer-
dere CT scans van lichaamsregio’s veilig achterwege gelaten worden. In 38% werd conventi-
onele diagnostiek onterecht weggelaten of toegepast, hetgeen in strijd was met het protocol. 
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In de CT-kamer kwamen geen calamiteiten voor en er werden geen klinisch relevante letsels 
gemist. Concluderend: de introductie van het diagnostische protocol is naast haalbaar ook 
veilig voor volwassen patiënten na een stomp hoog energetisch trauma. De implementatie 
van het protocol heeft de potentie om het aantal onnodige radiologische onderzoeken, in het 
bijzonder CT scans, te verminderen.
Omdat alle data vanuit één trauma centrum afkomstig zijn, moeten het voorgestelde algo-
ritme en de klinische toepasbaarheid worden geëvalueerd en extern gevalideerd in verschil-
lende populaties onder andere omstandigheden. Samen met het Amsterdam Medisch 
Centrum, Universitair Medisch Centrum Groningen, Erasmus Medisch Centrum Rotterdam 
en een buitenlandse trauma centra (Basel, Zwitserland), neemt het Radboud UMC deel 
aan de REACT 2. Deze gerandomiseerde klinische multicenter trial is met behulp van een 
ZonMW- subsidie opgezet om het bewijs te leveren over de waarde van directe TBCT tijdens 
de primaire opvang van zwaar gewonde trauma patiënten. Hierin worden de uitkomst van 
mortaliteit en morbiditeit meegenomen.

Chapter 10
List of pubLications
178
C
ha
pt
er
 1
0  
   
   
   
Li
st
 o
f p
ub
lic
at
io
ns
179
10. List of publications
Van Vugt R, Peters J. A peculiar event. Submitted.
Cornelisse S, van Vugt R, de Wilt J. Spontane miltruptuur bij een patiënt met mononucleosis 
infectiosa. Submitted. 
Van Vugt R, Kool D, Brink M, Dekker H, Deunk J, Edwards M. Thoracoabdominal CT screening 
in trauma patients: a cost-consequences analysis. Accepted Trauma Monthly April 2014.
Van Vugt R, Keus F, Kool D, Deunk J, Edwards M. Selective computed tomography (CT) versus 
routine thoracoabdominal CT for high-energy blunt trauma patients. Cochrane Database of 
Systematic 2013 Dec 23;12:CD009743. doi: 10.1002/14651858.CD009743.pub2.
Van Vugt R, Kool D, Lubeek S, Dekker H, Brink M, Deunk J, Edwards M. An evidence based 
blunt trauma protocol. Emerg Med J. 2013 Mar;30(3):e23.
Van Vugt R, Kool D, Deunk J, Edwards M. Effects on mortality, treatment, and time manage-
ment as a result of routine use of total body computed tomography in blunt high-energy trauma 
patients. J Trauma Acute Care Surg. 2012 Mar;72(3):553-9. Review.
Van Vugt R, Dekker H, Deunk J, van der Vijver R, van Vugt A, Kool D, Brink M, Edwards M. 
Incidental Findings on Routine Thoracoabdominal Computed Tomography in Blunt Trauma 
Patients. J Trauma Acute Care Surg. 2012 Feb;72(2):416–421.
Van Vugt R, Deunk J, Brink M, Dekker H, Kool D, van Vugt A, Edwards M. Influence of routine 
computed tomography on predicted survival from blunt thoracoabdominal trauma. Eur 
J Trauma Emerg Surg. 2011 Apr;37(2):185-190. 
Geerts R, Toonen H, van Unen J, van Vugt R, Werre A. A new technique in the treatment of 
distal radius fractures: the Micronail®. Acta Orthop Traumatol Turc. 2011;45(2):85-93.
Van Vugt R, Kruse R, Sterkenburg S, Fritschy W, Moll F. (Semi-)closed endarterectomy in 
occlusive aortoiliac disease. Ann Vasc Surg. 2010 Nov;24(8):1082-8. 
Van Vugt R, Geerts R, Werre A. Osteosynthesis of distal radius fractures with the Micronail. 
Eur J Trauma Emerg Surg. 2010 Oct;36(5):471-476. 
Geerts R, van Vugt R, Were A. Onhandige polsfractuur? Handige oplossing! Nederlands 
Tijdschrift voor Traumatologie. 2009;17(6):154-6 .
180
Van Vugt R, Bosscha K, Olsman J, Jager G, de Jager C. Management of hepatic trauma: a 9-year 
experience in ‘s-Hertogenbosch. Acta Chir Belg. 2009 Jan-Feb;109(1):42-6.
Van Vugt R, Bosscha K, van Munster I, de Jager C, Rutten M. Embolization as treatment of 
choice for bleeding peptic ulcers in high-risk patients. Dig Surg. 2009;26(1):37-42. 
Van Vugt R, Kruse R, Fritschy W, Moll F. Treatment of dilated venous bypass grafts with an 
expanded polytetrafluoroethylene-covered nitinol endoprosthesis. Vasc Endovascular Surg. 
2009 Apr-May;43(2):190-2. 
Deunk J, Dekker H, Brink M, van Vugt R, Edwards M, van Vugt A. The value of indicated 
computed tomography scan of the chest and abdomen in addition to the conventional radiolog-
ical work-up for blunt trauma patients. J Trauma. 2007 Oct;63(4):757-63.
C
ha
pt
er
 1
0  
   
   
   
Li
st
 o
f p
ub
lic
at
io
ns
181

Chapter 11 
CurriCulum Vitae
184
C
ha
pt
er
 11
   
   
   
  C
ur
ric
ul
um
 V
ita
e
185
11. Curriculum Vitae
Raoul was born on December 3, 1979 in Nijmegen. He grew up as eldest of three children 
in Klein-Doenrade, from where he completed pre-university education at the RKSG Serviam 
Sittard in 1998.  Afterwards he studied Health Siences (direction kinesiology) for two years at 
Maastricht University.  From 2000-2006 he studied Medical School at the Radboud University 
Nijmegen. 
After his medical degree, Raoul gained his first clinical experience as assistant not in training 
(ANIOS) on the Intensive Care Unit of the Jeroen Bosch Hospital, location Groot Ziekengast-
huis, ‘s Hertogenbosch. Because he already aspired to a surgical career at an early stage, he made 
the move to surgical ANIOS at the same hospital (instructor: Dr. K. Bosscha). This was followed 
by a two year period as surgical ANIOS at the Radboud UMC Nijmegen. In that period the 
principles for this thesis, based on the trauma CT study (TRACT), were implemented under 
the guidance of Prof. dr. M.J.R. Edwards.  In Januari 2011, Raoul officially started his training 
to become a surgeon in region VII. The first two years of the surgical training took place in the 
Rijnstate Hospital in Arnhem (instructor: Dr. M.M.P.J. Reijnen). The academic phase of the 
surgical training started in Radboud UMC Nijmegen in 2012 (instructors: Prof. dr. C.J.H.M. 
van Laarhoven / Dr. B.H. Verhoeven). For the final stage of his education Raoul will return to 
the Rijnstate Hospital in Arnhem. In the mean time he is teaching at the Hogeschool Arnhem 
Nijmegen.    
Raoul van Vugt

Chapter 12 
Acknowledgements
(in dutch)
dAnkwoord
188
C
ha
pt
er
 12
   
   
   
  D
an
kw
oo
rd
189
12. Dankwoord
Het dankwoord, als laatste geschreven, vaak als eerste gelezen. Het cliché is waar. Dit is het 
gedeelte van het proefschrift waar ik reikhalzend naar heb uitgekeken. Het betekent dat jaren-
lange noeste arbeid heeft geleid tot het proefschrift dat nu in uw handen ligt. Het is afgerond, 
schluβ, acabado, finito. Hoewel een proefschrift zeer persoonlijk is, moge het duidelijk zijn 
dat deze niet tot stand is gekomen door alleen mijn eigen inzet, maar ook door de bijdrage 
van vele anderen, in welke vorm of mate dan ook. Gelukkig is hiervoor het dankwoord uitge-
vonden.
Prof. dr. M.J.R. Edwards
Beste Michael. Als promotor waakte je over de kwaliteit en inhoud van dit proefschrift. Ik  wil 
je als promotor bedanken voor het vertrouwen dat je in me hebt gehad. Mijn dank gaat uit 
naar de inspirerende gesprekken die we hadden en de ideeën die daaruit zijn voortgevloeid 
om uiteindelijk tot dit proefschrift te komen. Ik hoop nog veel van je te kunnen leren!
Prof. dr. C.J.H.M. van Laarhoven
Beste Kees, van “jongste” AGNIO in Zell am See sta ik nu inmiddels als ouderejaars AIOS 
voor u. Dank voor de kansen en mogelijkheden die u me geboden heeft vanuit de afdeling 
heelkunde.
Dr. J. Deunk 
Beste Jaap, dank voor de begeleiding als co-promotor. Met de TRACT studie heb je reeds veel 
werk voor me verricht. Je was de stok achter de deur die ik wel eens nodig had. Mede door je 
enthousiasme en het samen sparren, was je de drijvende kracht achter de voortzetting van het 
onderzoek. Dank voor het wijzen van de goede richting en de introductie in het Nijmeegse 
trauma onderzoeksteam.   
Dr. M. Brink
Beste Monique, bedankt voor je begeleiding en kritische noten. Net zoals Jaap heb je ook veel 
voorwerk voor me verricht. Ook heb je me af en toe heel anders naar het doen van weten-
schappelijk onderzoek laten kijken. Je hebt een immer aanstekelijke aanwezige interesse met 
ook het oog op het persoonlijke.  
Drs. D.R. Kool en drs. H.M. Dekker 
Betse Digna en Heleen, met jullie input en ervaring in de traumaradiologie hebben jullie een 
belangrijke rol gehad in het tot stand komen van dit proefschrift. Ik ben jullie zeer erkentelijk 
voor de input. 
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Prof. dr. A.B. van Vugt
Beste Arie, ondanks dat je geen familie blijkt te zijn ;), was jij het die me tijdens mijn eerste 
wetenschappelijke stage enthousiasmeerde voor de fascinerende kanten van de trauma- 
chirurgie. Zonder jouw input in de TRACT was mijn proefschrift waarschijnlijk nooit van de 
grond gekomen. 
Alle co-auteurs
Hartelijk dank voor jullie waardevolle input in de hoofdstukken.
De leden van de manuscriptcommissie
Dank voor de wetenschappelijke beoordeling van mijn manuscript en het voeren van de 
oppositie.
Chirurgen Rijnstate Ziekenhuis Arnhem en Radboud UMC
Ik wil jullie hartelijk danken voor jullie enthousiasme en begeleiding tijdens mijn opleiding 
tot chirurg. Het is een voorrecht om in jullie klinieken te mogen worden opgeleid. 
Collega (oud-)assistenten uit Regio VII
Met name richt ik me op diegene waarmee ik in het Rijnstate Ziekenhuis Arnhem en Radboud 
UMC heb gewerkt de voorbije jaren. Op en na het werk heb ik jullie aanwezigheid met bij- 
komende gezelligheid altijd erg gewaardeerd, hoewel dit meestal de productiviteit niet echt 
ten goede kwam. Ik hoop nog vaak met jullie te kunnen samenwerken. Succes met jullie 
verdere carrière! 
Medewerkers van het Radboud UMC
Degene die betrokken zijn geweest bij het opzetten, uitvoeren en verzamelen van data voor de 
TRACT en vervolg studies wil ik danken voor hun inzet en ondersteuning.  
Mark en Peter
Beste Markymark en Petah, ik ben blij dat jullie mijn paranimfen zijn. Sinds het begin van de 
studie is er een klik. Gelukkig kunnen we het ook vaak over andere dingen dan het genees-
kundige hebben tijdens de vele momenten dat we bij elkaar zitten. Ik hoop dat we nog vaak 
samen weekendjes weg gaan en daarbij mag de ski natuurlijk niet ontbreken! 
Vrienden
Gangsters, Deuters, Friends, Bierenzo en iedereen die ik niet in deze vier hokjes kan plaatsen! 
Alle namen noemen wordt te veel. Ik ben blij dat jullie eigenlijk helemaal niets voor mijn 
onderzoek hebben gedaan, dan enkel zo nu en dan een kleine versnapering te nuttigen! Dit 
zorgde voor de nodige afleiding. Snel weer eentje doen?
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(Schoon)familie
Jullie zijn me dierbaar. Vieren jullie het mee dat het boek af is?
Opa 
Het feit dat jullie aanwezig kunnen zijn op mijn promotie, is eigenlijk al iets om dankbaar te 
zijn! Geniet van je tijd samen met Ennie!
Thierry en Aniek
Het kleine broertje en zusje worden groot. Het is goed om te zien dat we uit een gezellig 
ouderlijk huis komen en dat wij het onderling nog zo goed kunnen vinden! Thier: pas goed op 
je dames Rikje en Linde in het Goudse. Ukje, jij op je mannen Boy, Yorn en Sepp in het “diepe” 
zuiden! Dat de kids maar vaak bij elkaar kunnen spelen.
Pap en Mam
Dankwoorden aan jullie zijn per definitie te kort. Mijn succes is grotendeels aan jullie te 
danken. Jullie hebben de voorwaarden geschept om het beste uit me te halen. Nog even en 
dan kunnen jullie tussen al het reizen door full-time opa en oma spelen. Trouwens pap: nu 
weet je hoe het moet ;p !
Fabian
Lief klein ondeugend en eigenwijs menneke (heb je waarschijnlijk van je moeder ;p ). Je hebt 
het vinden van tijd ter afronding van dit boekje er niet makkelijker op gemaakt. Later zullen 
we wellicht samen nog eens naar dit boekje kijken, maar laten we nu eerst samen vooral échte 
leuke verhaaltjes lezen en heli-heli-heli-helikopter doen!
Mariëlle
Dit proefschrift is niet compleet zonder een woord voor jou. Jouw bijdrage is groter dan je 
denkt. Je betrokkenheid, directe steun en geduld de afgelopen jaren hebben er voor gezorgd 
dat ik naast mijn opleiding tot chirurg, het boekwerk dat nu in je handen ligt, heb kunnen 
bewerkstelligen. Ik vind je lief.  


